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[Proc Roy. Soc Victoria, 46 (NS), Pt. II, 1934] 

Art. X — A Practical Application of Photopertodic Response to 
Plant Breeding Methods at the State Research Farnt> 
Wcrnhce 

By ALAN R RAW, M Agr Sc 
(Ceieal Geneticist, Department of Agriculture, Melbourne ) 

l Read 10th \ugust, 1933, issued separately 7th May, 1934 ] 

I. Introduction. 

Since the discovery by Garner and Allard (2, 3, 4) of the 
phenomenon of photopeiiodic response, the subject has been 
investigated and developed rapidly m many directions, until, at 
tlie piesent time, it has assumed a practical importance to tlv* 
plant bleeder Extensive teviews of the liteiature on the 
subject have been wntten by Kellerman(6), Redmgton(8), 
Schick(9), and others, and obviate the necessity of any general 
mtioduchon here Numerous workcis, including Oden and 
Rasmusson(7), Tscheimak(ll), Schiatz(lO), and Harnng- 
ton(5), have lecoidcd the production of two generations of 
plants m one year, by the use of artificial illumination The 
putpose of this paper is to indicate the methods adopted at the 
Victonan State Research Farm, Wernbee, to obtain thiee 
generations of wheat and barley hybrid material m twelve 
months Undei conditions of noiraal daylight pi evading m 
the southern Slates of Austialia, the production of two genera¬ 
tions of cereals in one year is possible, and is the accepted prac¬ 
tice in South Austialia at the Waite Research Institute and at 
Roseworthy Agricultuial College, and m Victona at the State 
Research Farm, Werribce At the last-mentioned station 
(lat, 37° 54' S ), the summei clay exceeds fifteen hours from 
late November to late January, and enables matenal sown in 
eatly December to develop rapidly and matuie fully m ample 
time for sowing ditnng the normal seeding months of May and 
June, This licatment is normally applied to fiist generation 
material 

II. Experimental. 

During 1930-31 it was decided to attempt the production of 
an extra geneiation m the period February to June, by sub¬ 
jecting the plants growing during this period to artificial 
illumination sufficient to give them the equivalent of a sixteen- 
hour day, a possibility suggested by the, work of Forster and 
co-workers (1) on the photoperiodism of wheat varieties 

It was obvious that the adoption of such a course would neces¬ 
sitate the harvesting of the grain m an immature condition m 
the first and second generations, and in view of this, series of 
tests were made to deteimine the effect of such harvesting on 
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the geiinitiation of the giain Samples of Pryoi bailey weic 
hai vested in two stages of development, ail-dried for twelve 
dais, and subjected to laboratoiy geimination tests 


Table I—B\rley Germination Test 


Stage of Oram When Hai vested 

Pei Cent Geimination at— 

: 

48 Hours 

72 Hours 

96 Houis 

168 Hours 

216 llouis 

I Milk stage 

6 0 

22 8 

34 0 

43 5 

50 8 

II Dough stage 

0 5 

27 0 

51 5 

72 5 

81 5 

Number of grains per sample, 400 




The results given m Table I indicated that a satisfactoiy 
germination could be obtained from barley harvested m the early 
stages of maturity 

A test with the wheat vanety, Free Gallipoli, yielded sunilai 
results, which are shown m Table II Gram was harvested m 
five stages of development, air-dried for fourteen days, and 
germinated A satisfactory germination was obtained only in 
the case of sample V The results indicated that the early 
dough stage was probably the earliest at which wheat could be 
harvested to ensme a satisfactoiy germination in the following 
generation 


Table II —Wheat Germination Test 


Stage of Gram When Harvested 

Per Cent Germination at— 

72 Hours 

120 Hours 

168 Hours 

,240 Houis 

386 Hours 

I Gram half formed 



3 0 

3 1 

12 5 

II Gram two-thirds formed 




8*3 ' 

23-3 

III, Three-quarters formed 

1 0 

1 0 

5 7 

15 5 

30 1 

IV Fully formed, milk stage 

1-0 

3 0 

14 0 

33*0 

51 0 

V Fully formed, dough stage 

4*6 

14 6 

46 0 

82 8 

05 4 

Number of g 

;rams per 

sample, 3 

00-400 




During the two years m which the experiments have been in 
progress, the progeny of five different barley matings were 
successfully carried through three generations (FI, F2, and 
F3 plants) in one, year In addition, three generations of the 
wheat variety Rajah were produced during 1930-31 The 
behaviour of the three barley hybrids, and the wheat variety 
Rajah, comprising the 1930-31 material, is summarized m Table 
III- In the case of the hybrids, matings were made m the 
field on 2nd October, 1930, and the treated ears were harvested 
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seven weeks later, the gram being fully developed and haid 
After being an-dried for eleven days, the FI was sown m the 
plant-bieeding cage on 1st December Germination was rapid, 
and was complete by 10th December All plants were in ear 
by 16th January, 1931, the time lequired from germination to 
heading being from 35 to 39 days The first batch of plants 
was harvested on 5th February, when the giam was fully formed 
and m the dough stage A second batch was taken twelve days 
later w r hen the gram was just colouring Both lots of plants 
w r eie air-dried, the first for fourteen days, the second for six 
The gram fiom these was sown m the cage on 19th and 23rd 
February Gemnnation was complete by 28th February m the 
first case, and from this date until harvest, 89 days later, all 



DEC JAN FEB MAR APR MAY JUN JLY AUG SEP OCT NOV DEC 
1030 1931 

Fig 1 —Barley Matings, 1930-31 

plants w r eie subjected to an additional daily period of illumina¬ 
tion to bring the total “ length of day ” up to sixteen hours 
The lighting system was automatically controlled by means of 
a clock which enabled the extra illumination to be applied in the 
mornings Again, the plants were harvested m an immature 
condition, after the gram w T as fully formed, they were then 
air-dried for sixteen to twenty-one days The F3 families were 
sown m June m the field, wheie they developed normally and 
matured m December The general behaviour of these three 
generations, m relation to the conditions of normal daylight 
prevailing at Melbourne throughout the year, is represented 


OF EFFECTIVE DAYLIGHT—MELBOURNE 
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graphically m Fxgiue 1 The wheat vanety Rajah behaved in 
a manner essentially similar to that of the baileys except that 
the time requited for development was lathei lougei 
The 1931-32 material consisted of the piogeny ol two barley 
matings These were effected m the held on 27th Odour, 1931, 
harvested 34 days later in the late dough stage, and sown in the 
cage on 1st December As was the case of tiki 1930-31 maleiial, 
the F2 was the only generation to leceive artificial light. ()ven~ 
drying of the seed was substituted for air-diymg m this 
generation, and resulted m a saving of seven al days between F2 



» 16 I 16 I 16 I 16 I 16 I 16 I 16 I 16 I 16 I 16 I 16 116 I 16 l 16 

DEC JAN FEB MAR APR MAY JUN JCY AUC SLP OCT NOV DEC JAN 
1931 1032 1933 


Jug 2 — Harley Mating, 1931-32 

and F3. The behaviom of this material (Table IV.), was 
essentially similar to that of the previous season, and three 
generations were agam obtained in the year. The lcsuUs aio 
represented graphically in Figure 2. 

Ill, Discussion, 

The outstanding feature of the experiment was the marked 
response of the F2 plants to long day conditions. In all cases 
the time required from germination to heading, by plants in 
this generation, was approximately the same as m the FI gtawn 
under the normal summer day of fifteen hours On the other 
hand, F3 plants in the field receiving an average of only twelve 
hours daylight, required from two to three times the number of 
days to develop It is thus obvious that length of day is a 
major factor influencing time of flowering in the varieties under 
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consideicition In its relation to the maturity of the grain, 
however, photopenodism is of definitely lesser importance, and 
is superseded by temperature as a major factor The results 
have indicated striking differences m the time required by the 
plant to mature its gram, the most rapid development occuinng 
m the case of the FI grown during the summer months when 
the tempeiature is high In the case of the F2, which develops 
a few months later when the average daily tempeiatuie is 
decreasing, it is doubtful whether complete maturity could be 
accomplished At this time the gram develops rapidly until it 
is fully formed, but the final stages of drying out and hardening, 
accompanied by the change m colour, are definitely retarded 
For this reason harvesting m an immature condition must be 
resorted to 

One of the most striking features of the expenment was 
furnished by the barley hybrid material, the F2 plants of which 
exhibited marked degiees of individual response to long day 
conditions These lesponses were most niaiked m the case of 
the 1931-32 hybrids, probably on account of the great differences 
m the length of growing pcuod characteristic of the parent 
forms under normal conditions In one culture of 30 plants, 
22 responded to long day conditions, suggesting a single-factor 
difference for this character 

Other points of interest weie the production of twin grams 
and of branching stems by some of the plants grown under the 
intensive conditions Neither of these characters was inherited 

The necessity of harvesting the plants m an immature con¬ 
dition, and the fact that the scope of the work is limited by the 
aiea under controlled lighting, furnish the two most senous 
diawbacks to the scheme, which is however of definite value 
m special cases 

It is essential that this method of accelerating breeding 
operations be confined to the early generations, since it will be 
realized that the selection of desired types is impossible undei 
the aitificial environment induced by controlled lighting By 
growing the FI in summoi, subjecting the F2 to conti oiled 
lighting, and selecting in F3 under field conditions, it is possible 
to pioducc homozygous F4 selections for sowing the following 
year, thus effecting a saving of two years m the breeding 
programme. 

In conclusion, the writer wishes to record his indebtedness to 
Mr H A Mullett, Director of Agriculture, Department of 
Agriculture, Victoria, under whose supervision the work was 
conducted, and to Professor S M Wadham, School of Agn- 
cultme, University of Melbourne, for his helpful criticism and 
suggestions 
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Table IV —Barley, Three Generations, 1931-32 
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Art XI — Australia's Antarctic Dependency 
By J Iv DAVIS 

[Read 14th September, 1933, issued separately 7th May, 1934] 

The history of the eastern coast of Australia begins with the 
first voyage of Lieut James Cook m the Endeavour . The 
history of the great land which surrounds the South Pole may 
also be said to begin with Commander James Cook, whose second 
voyage with the Resolution and Adventure is remarkable for 
three achievements— 

1 The crossing of the Antarctic Circle for the first time 

m history, on 17th January, 1773 

2 The high latitude reached by the Resolution, 71° 10' S., 

in longitude 106° 54' W, on 30th January, 1774 

3 The circumnavigation of the globe m a high southern 

latitude with its revelation that the Great South Land 
did not, as believed by the map makeis of that time, 
extend into the temperate regions 

Cook’s account of what he observed (during his three years’ 
voyaging m Antarctic Seas) forms depressing reading, but his 
description may still be accuiately applied to Antarctica as it 
is known to-day a Countries condemned to everlasting rigidity 
by Natuie, never to yield to the warmth of the sun, for whose 
wild and desolate aspect I find no words, such aie the countries 
we have discoveied, what then may those resemble which he 
still further to the Soutli ? ” 

With the passing of the Austiahan Autaictic Teintory 
Acceptance Act m June, 1933, by the Parliament of the Common¬ 
wealth of Australia at Canberia, we reach a new stage m the 
history of this poition of the South Polai regions, it marks 
the culmination of the progress made m this area since Cook’s 
time by explorers of many nations, who have sought to unveil 
one of the last hidden portions of this world of ouis 

The area over which the authority of the Commonwealth has 
recently been proclaimed is about half that of Australia itself; 
extending from the meridian of 160° E , the western boundary 
of the New Zealand (Ross) Dependency, to 45° E., it has a 
coastline measured along the Antarctic Circle of about 2,600 
miles It includes Oates Land in the east, and extends through 
King George V. Land, Wilkes Land, Queen Mary Land, Wilhelm 
Land, Princess Elizabeth Land, Kemp Land, and MacRobertson 
Land, to Endeiby Land in the west. 
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The Australian sector is divided into two poitions by Adobe 
Land, which was discovered by Duimont d'Uiville in 1840 .uid 
was constituted a French Dependency by a deciee signed by 
President Millerand in 1924 With a coastline of 130 miles, 
the French territory extends from longitude 142° E to 1101" E 
Cape Denison, the site of the mam base of the Australasian 
Antaictic Expedition of 1911-1914 undei Sir Douglas Mawson, 
is situated in longitude 142° 40' E , and is theiefoie within the 
Australian territory, some 16 miles fiom the eastern boundaiy of 
the French Dependency Fifteen hundied miles of stormy ocean 



separate the south coast of Tasmania fiom Antaictioa, and it 
is then over 1,400 miles from the coastline of the continent to 
its central point, the South Pole, wheie it attains an elevation 
of 10,000 feet 

It may be asked, what does this Antarctic Land look like ? 'The 
fact is that, except in a very few places, the land cannot lie seen, as 
it is completely covered by an immense shield of ice which flows 
outward and downward from a vast inland plateau to the sea¬ 
board, where it terminates in vertical coastal ice cliffs Over 
considerable distances of the coast this huge continental glacier 
extends seawards in the form of glacier tongues and shelf ice. 
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Except foi veiy occasional nunataks, which piotiude from the 
maigmal slopes of the glacier, the only visible land is where the 
ice cliff has receded and exposed, m the form of islands or 
small coastal areas, the rock it has pieviously covered In 
Enderby Land, some rocky mountain vsummits emerge and are 
not now coveted by the overwhelming ice flood Constantly 
swept by icy winds, m winter shrouded by total darkness, the 
new temtory is a land of desolation, and but for the whales, 
seals, penguins, and othei buds, which thrive upon the abundant 
maune life m the surrounding seas, might be described as 
lifeless 

It is not intended to recount heie the history of the exploiation 
of this poition of the eaith’s surface, except to recall that the 
lust land to appear on the map of what is now known as the 
Australian Dependency of Antarctica was named by John 
Biscoe (a retned Master RN), who, in 1831, while engaged 
on a scaling voyage, discoveied Endeiby Land Biscoe had two 
small vessels undei his command, the brig Tula of 150 tons, 
manned by 17 men, and the euttei Lively of 50 Ions, manned by 
10 men, both owned by Messrs Enderby, of London What 
stout fellows these old time seamen were may lie gathered when 
leading the buef record of their doings from Biscoe’s log, 
which is now m possession of the Royal Geographical Society 
of London, 

The account of Biscoe's voyages, given by Di, IT R Mill, in 
The Siege of the South Polc( 1), is based on this log Land, 
now known as Enderby Land, was sighted on 28th Febrinuy, 
1831, from latitude 66° S and longitude 47° 20' E A 
pionunent headland, named Cape Ann, was approached and its 
approximate position fixed as 66° 25' S and 49° 18' E Just 
as it seemed certain that the land could be reached a south¬ 
easter burst upon the ships, which became separated After 
five clays' battling against a lnuricane, Biscoe again turned south- 
wauls m the Tula and again sighted Cape Ann on 16th Match 
lie was, however, unable to teach the land and, being forced to 
letiie, eventually made Hobart on 10th May, 1831 

After the Lively was separated from the Tula m the storm 
off Cape Ann, she eventually reached Port Phillip after the 
ship’s company had been reduced from ten to three, including 
a hoy whose hand had been crushed by a boat falling on it On 
landing m Port Plullip they nearly died of starvation and the 
cutter drifted away She, was found ashoie after a fortnight, 
and the party reached the Derwent on 3rd September to meet 
the Tula coming out. Biscoe then put back and waited until 
the Lively was lefittcd and her crew restoied to health, before 
pursuing his southern voyages. 
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Fuither particulais of the adventures of the Lively aie to be 
found m a lepoit in the Hobart Town Courier on 17th Septem¬ 
ber, 1831(2) As these paiticulais aie not teadily accessible and 
as Port Phillip is connected with the events, it seems peitment 
to quote the following cxtiact — 

“On paitmg company m the ice pievious to making lor this 
port for refreshment, this little vessel ( Lively) reached Poit 
Phillip with the greatest difficulty, near the entrance of Western 
Port, having on board only three individuals smvivmg out of a 
crew of ten men from the effects of sciuvy and disease consequent 
upon it So dreadful was the situation of these unfortunate 
men, that the bodies of two of the nuinbei who died below 
deck could not be got up for sevcial days to be thrown overboaid, 
the survmus being so i educed by sickness and infirmity as to 
lie totally unable to peifoim the painful task As last the 
master, partially iccovejmg his stiength, unit lived to make a 
rope fast lound then bodies, and by the help of the tackle 
succeeded in hauling up first one and then the other, and 
launching them into the deep On making the, land at Pori 
Phillip(3) the survivois, after bringing the vessel to anchor, 
managed to get on shore m the boat with some provisions, wheio 
after some considerable, time they giadually lecovcrcd Mean¬ 
time, however, a gale coming on drove the little hark fiom her 
anchor during the night up the inlet many miles out of sight 
Their situation then became tiuly foilorn(4), then hope of 
regaining a civilized part of the countiy being tom hum them. 
Having taken note, howevei, of the direction in which the wind 
blew when the vessel disappeared, as soon as they had uncovered 
sufficient health and strength they contuvcd to travel along the 
shoie, keeping the water always m view, until after a weary 
journey of neatly 40 miles they had at last the satisfaction to 
see the object of their pursuit stianded, but otherwise uninjured, 
on the beach On a neaiei appioach, however, they found her 
beset by a tube of blacks, busily engaged in plundering hot. 
Here were their difficulties and dangets renewed afresh, 1ml 
being foitunalely furnished with guns and ammunition they at 
last succeeded in chivmg them off and legaming possession of 
the vessel, although we have not been able to learn the paiticulais 
of the iencontre they at last managed, with almost inconceivable 
labour, to refit and launch her again into the deep, and ultimately 
to navigate her to Bull Bay, m the Dei went, wlieie the, Tula 
happily fell m with her.” 

A fuither notice m the same paper on 8th (Ictober, 1831, 
reads. “Sailed this morning, the discovery ship Tula with her 
tender Lively, m piosecution of heir voyage thiough the South 
Seas” 
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Art XII— The Tertiary Sands and Ohio Basalt of Lolutnj , 
Pascoe Vale, and Campbell field, Cutona 

By WALTI£R HANKS 

[Read 14th beptembei, 1933, issued sopaiately 7th May, l*M 1 | 

3L Introduction. 

The area dealt with m this papei compiises pail ol the 
northern suburbs of Melbourne, and includes the t rty ol 
Coburg, the south-western portion of the Shue of Bioad- 
meadows, and the western portion of the City of Preston, 

The area has been mapped previously, and is shown on 
Quarter-sheets Nos 1N,W, INK, 2S W, and 2S M of the 
Victonan Geological Suivey 

Portions of the older basalts have been mentioned by T, S 
Hart(2) and R A Keble(3), and petiological desciiptmns 
given by E. W Skeats(6) and D M. McCance(4), Idle geo 
logy east of Sydney-road, Coburg, is described by G A. Cook( 1 ) 
and R B Pretty(5) Re-mapping has been aided by nuineious 
sewerage excavations, and has levealed considerable modihea- 
tions in the geological boundanes as shown on the Quaitei- 
sheets Outciops of Oldei Basalt have been alteied and ex¬ 
tended, Siluiian and Tertiaiy mheis aie shown m the Newer 
Basalt at Coburg, while the sands and clays at Camphellfield 
have been recognized as pre-Older Basalt* instead of Newer 
Pliocene as on the Quaiter-sheet 

2. Physiography. 

The area is for the most pait a plain It is composed of 
Silurian, Older Basalt, Teitiaiy, Newer Basalt, and Pleistocene 
rocks, and slopes from 400 feet m the noith to 190 feet in the 
south, 

Towards the western boundary the plain is dissected by the 
wide and deep valley of the Moonec Ponds Creek, and m its 
eastern poition by the comparatively nauow and shallow valleys 
of the Mem Creek and EdgaPs Creek 

The central portions of the aiea are dissected by thtee inter 
mittent stiearns which use m aieas of Tertiaiy lock, Diy 
Creek uses in the Northern Golf Links, Glemoy, and joins 
the Moonee Ponds Creek near Pascoe Vale Railway Station, 
Manchester's Creek diams cential Coburg from about the 
junction of Sussex and Gaffney sheets, and joins the Moonee 
Ponds Creek m Brunswick south of Moieland-road; while 
Deanery Creek flows from Camphellfield and joins the Merri 
Creek just north of the Lake Reserve, Coburg This stream 
has a winding course, and the valley is very shallow. The two 
former flow m deeply entrenched valleys 
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3. Older Basalt and Leaf Beds. 

These rocks aie exposed in a number of places in the district, 
usually in the sides of the creek valleys 

Exposures on Moonee Ponds Creek 

Exposures occur on the Moonee Ponds Creek at Moreland- 
load Heie the basalt overlies Silurian on the south side and 
Tertiary river sands on the noith An impure common opal 
is found m the joints of the basalt A few hundred feet north 
and adjacent to the gasometer is another exposure, overlying 
beds of fine white sand and sandy clay A few fossil leaves 
have been secured from these sands 

The next and most interesting exposure occurs a few feet 
north of the bridge at Reynards-road It consists of a stiip 
of Older Basalt about 10 feet wide The upper portion con¬ 
sists of narrow, vertical columns, and is fairly well preserved, 
while the lower portion is decomposed to a white clay The 
stieam whose valley has been filled with lava is part of a small 
tnbutaiy that came from a south-easterly direction and ran 
east and west at this point It has had portion of the banks 
on each side presetved. The north bank is Silurian, The south 
bank is composed of a bed of coarse sand, a conglomerate con¬ 
taining large pebbles of quaitz and Silunan sandstone and fine 
sand, the whole mass being cemented with iron oxide Fossil 
leaves were collected in the fine sand, which is m a bed 2 inches 
thick, overlying the coarser deposits These coarse deposits 
undei lying Older Basalt do not occur elsewhere m the area. 
This exposuie is maiked on Quarter-sheet No IN W. as a dyke 

A small exposure of basalt occurs between Bell and O’Hea 
streets m the eastern bank Both sides of the valley at Gaffney- 
stre et, Pascoc Vale, are Oldei Basalt 

The last exposure on the Moonee Ponds Creek m the area 
described occurs at the leai of a huge house known as Oak 
Paik It ns on the western bank, and consists of an amygda- 
loidal basalt in a vciy decomposed condition It overlies beds 
of line sands and sills of fluviatilc origin Iron is practically 
absent from some of the beds, otheis ate deeply impregnated 
with limonite. All of the, beds contain fossil leaves One bed 
about a foot thick is a mass of leaf impressions. This bed 
seems to lie a leplacement of a fine carbonaceous^ silt by 
limonite The basalt is overlain by a quartzite which also 
contains fragments of leaves All these exposures with the 
exception of those at Reynards-road and Gaffney-street are 
shown on the maps of the Victoiian Geological Survey 

The fossil leaves from the exposures were first found m 1930 
by the water, and are identified and described by Miss H. 
Paterson, BA, 
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Expo&ures on Dry Li cck 

A number occur ou Diy Creek and aie not lecoided else- 
where The fust exposure occurs at tlie* in(oi section of 
Northumbeiland and Piospeet sticets, wheio the basalt is in all 
stages of decomposition Some of the better preserved took 
has a columnar structure and some of it is decomposed into a 
clay The basalt oveilies similar sands to those previously 
mentioned 

Some veiy thick beds of white poltciy clay occur, they 
underlie and also outcrop on the surface alongside the basalt, 
as may be seen m a cutting m the road The beds show a 
slight dip to the south-west and no fossils were found 

A small exposuie of Oklci Basalt occuis at Arnst-streel, and 
another at Kent-street, just noitb of a small bridge 

Exposures on Deanery Creek. 

The first exposure on Deaneiy Creek is opposite the mtin¬ 
sertion of Kent and Sussex streets It is a basalt decomposed 
to a white clay, which was excavated from a sewer As no 
Newer Basalt m the district is decomposed to anything like the 
same degree, it was considered to he Older Basalt The deposit 
is covered by Newer Basalt 

The second exposure on Deanery Cteck is just outside the 
Fawknei Cemetery on its north side, and is near Sydncy-road. 
It consists of a hard black basalt undeilying red sands and grits. 

Exposures on Morn Creek . 

On Mern Creek there aie a number of exposures, horn 
Mellody’s clay pits at Campbellfield, foi about a mile to the 
east At Mellody’s there is an exposuie of decomposed basalt 
very similar to that m the Moonee Ponds Creek and differing 
gieatly from the stu rounding Newei Basalt, 

This Oldei Basalt oveilies the clays and fine sands which out 
crop extensively m this district and which are similar to those 
previously described from the Moonee Ponds Creek. Further 
east along the creek the basalt is decomposed to a white clay, 
and is paitly overlying a bed of fine white silt and day. The 
soft Tertiary locks of this locality seem to have been protected 
from erosion on the north-west by Silurian locks which 
evidently represent the sides of the oklet basaltic valley The 
basalt filled the valley and covered the Teitiaiy sediments upon 
its floor. The basalt has since been etoded away, with the 
exception of that which occupies the depression of the actual 
watercourse on the floor of the valley, again exposing the Ter¬ 
tiary sands and clays All the above-mentioned exposures of 
basalt are within sight of each other. They appear to belong 
to flows that filled the valley of a stream that flowed in a south¬ 
westerly direction and was either the upper portion, or more 
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probably a tributary, of the stream represented by the Older 
Basalts of Ascot Vale and Royal Park The Older Basalt no 
doubt extended toward Thomastown and fuither east 

Other Exposures 

A few outcrops of sands occur, to which it is difficult to give 
a 1 elationshxp 

A small outcrop at Montifore-street, Coburg, shows white 
pottciy clay bedded with red sands to a depth of 16 feet This 
rests on Silurian sandstones, and the whole is partly overlain 
by the post-Older Basaltic sands to be described later 

Another small outciop suirounded by Newer Basalt occurs 
at Middle-street, Pascoe Vale Both these outcrops aie equi¬ 
valent to the Campbell held sands and clays and also to the leaf- 
beds on Moonee Ponds Cieek 

The well-known Preston sands present the same difficulty 
No Older Basalt and no fossils have been found The beds 
seem to belong to the leaf-beds from their appeal ance The 
Campbellfield clays, leprcsentmg their extension northerly, have 
been located in boics just north of Major-road, Fawknei, and 
a sinjall exposure of sands occurs on Edgar’s Creek, north of 
Edwaids Lake, Preston The height above sea level of the base 
of the bed corresponds with that of the Campbellfield beds, the 
known Pliocene beds being 50 feet lower 

4, Lower Pliocene Beds. 

The area also contains outcrops of sands and conglomerates 
laid down after the Older Basalt and before the Newer Basalt, 
These deposits have been laid down after an immense amount 
of erosion of the Older Basalt The basalt was reduced to the 
remnants previously described before the sands were laid upon 
and around the,m 

They consist of a wide variety of materials, quartz pre¬ 
dominating, Fragments of basalt are absent except close to 
an outcrop of this rock. No fossils have been seemed except 
those mentioned as occurring m the quaitzite near Oak Park. 

The deposits m the area are known from excavations for 
seweis to a depth of 19 feet, and they occur m wide areas, some 
of which have not been recoided An area one mile long and 
half a mile wide, that has not been recorded, is intersected by 
OTIea and Sussex streets, Coburg Further areas occur in 
Pascoe Vale and Campbellfield and are shown on the accom¬ 
panying map. The deposits are of fltmatile origin and consist 
of fine sand abruptly abutting on coarse sand or conglomerate 
At Prospect-street, Pascoe Vale, a section of a trench showed 
Older Basalt ovejlam by a fine yellow sand containing llmemte, 
which was followed m ascending order by grit one foot, fine 
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yellow sand two feel, gut one foot, then a coai.se led sand 
gradually meigmg into a eoausc conglomeuite of quail z pebbles 
of vaiions sues, the biggest being the size oL a fist. The line 
sand was examined for fossils, and Mi K Chapman I omul 
fiesh-watci sponge .spicules The beds have been hated through 
West Brunswick and seem to eonespond lo the beds above the 
grit band at Royal Paik, wheie the age of the uppei beds is 
lower Pliocene. 

The neaiest point to the area where mat me fossils have been 
found was in a shaft near Essendon Railway Station The 
fossils weie casks m ironstone similar to those at Royal Psuk 
and were laid down upon Oldei Basalt 

5 Alterations of Drainage, 

A point of mteiest m a study of the various valleys infilled 
by basalt is that there has been a local altetation of the diieetion 
of diamage. 

The pre-Older Basaltic drainage was from Thomastuwn to 
the south-west through Flemmgtou; while the pie-Newei 
Basaltic drainage was from Glenroy to the south-east, through 
Brunswick and Carlton, to the pre-Ncwcr Basaltic Yana River 
below Studley Park There has been a fuithcr alteiatum sirne 
the outpouring of the Newer Basalt The Moonce Ponds Creek 
closely follows the Older Basaltic lme of drainage and the' 
Merii Creek the Newer Basaltic Just why the pie-Newer 
Basaltic streams took their course to the Yana River is difficult 
to understand, as the streams appear to have been flowing south 
when the lower Pliocene sediments described weie laid down 
The probable explanation is that after the outpouring of the 
Older Basalt the drainage followed the margin of the flow, and 
in the period of erosion that followed, northern tributaries 
eroded a system of drainage that was gradually filled by river 
Sediments during the period of sinking associated with the lower 
Miocene, 

The drainage flowed south to the nearby sea eluting the lower 
Pliocene and, as the land rose again gradually, resumed the 
old valleys and eroded the river sediments out of them with the 
exception of a few residuals left on the higher levels, 

Summary. 

The Older Basalts of the area are described and the Tertiary 
sands separated into pre-Older Basaltic leaf-beds and lower 
Pliocene beds. The localities from which fossils have been 
secured are recorded, Alterations of drainage are pointed out 
and the reason discussed 
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I. Introduction. 

The present paper is an account of the palaeontological succes¬ 
sion in the region south and west of Castlemame as deduced 
primarily from the study of its Lower Ordovician graptolilcs 
Graptohtes of younger age are not known from this district. 
The area is, roughly, a rectangle containing over 1,000 square 
miles, and including the eastern half of the County of Talbot 
and a smaller area in the south-west of Dalhousie Its northern 
boundary is the Mount Tarrcngower-Alexander granitic massif, 
its southern the Great Divide, its western the volcanic rocks 
covering the Moolort-Loddon Deep Leads system, and its 
eastern, roughly, the Kyneton-Redesdale railway line The 
north-eastern sector of about 100 square miles was dealt with m 
some detail by one of us in 1916(9), but circumstances pre¬ 
vented the continuation of the work until three or four years 
ago, when it was lesumed. Dealing with a larger area, and one 
more difficult to study in detail on account of distance from 
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centres of population and paucity of artificial excavations, the 
treatment adopted in the present paper is more general than 
that in the earlier paper This more general txeatment was also 
made desirable by our plan to give a comprehensive account of 
the structure of the distuct, Towards the latter pail, sugges¬ 
tions will be found for detailed work m ciitical localities 

II, Previous Workers. 

For so extensive an area it is unpi acticahlc to give a detailed 
list of all maps and papers which may with profit he consulted. 
The following summary, though incomplete, will provide a basis 
for those who wish to study the aiea m detail. 

1 The greater pait of the area is covered by Quarter- 
sheets (22) of the Geological Survey of Victoria, published 
between 1860 and 1870 The amount of detail shown on these 
maps vanes, some, such as 15 NJE., being particularly fine 
examples of the geological surveyor’s woik, others leaving 
extensive areas unmapped or merely outlined. 

Other maps include geological survey plans of parishes (23) — 
a paiticularly good example being the plan of Campbell to-wn— 
and maps accompanying reports, &c., on gold-fields such as 
Castlemame, Maldon, Daylcsford, and Lauriston. None of these 
maps shows more than a few of the hundreds of localities from 
which graptolites have been since recorded. Foi a general view 
of the geology of the whole district, the best maps are probably 
those included in “The Deep Leads of Victoria”(4) This 
memoir also gives a bibliography, which includes articles on 
most parts of the district now dealt with 

2 A detailed bibliography up to 1903 is given by J. W. 
Gregory m the “ Record? of the Geological Survey ”(5). Later 
incidental contributions ate scattered through various publica¬ 
tions of the Victouan Mines Department. 

3. Dr. T S. Hall in his “Geology of Castlemame**((3) gave 
a general account of the geology of the distuct aiottnd Castle- 
maine, and soiled the Castlemame giaplolitc series. Hall’s 
paper deals chiefly with the area cast of a north-south line 
through Castlemame 

4 The present Secietary for Mines ill Victoria (W. 
Baragwanath(l) ) in “The Castlemame Gold-field” included a 
detailed fiiap showing axial lines, and an east-west section 
showing the area as the eastern limb of a synclinorium. 

5. Harris(9), in 1916, verified Hall’s zoning and carried the 
study of structure west to the line of Muckleford Creek, showing 
that m the area between Castlemame and Guildford there are 
beds characterized by Oncograptus and Cardiograptus, and that 



Geology of Eastern Talbot 


155 


these beds are strati graphically between the Upper Castlemaiman 
and Darriwilian of Hall This extended Darnwilian was pro¬ 
visionally zoned 

6 For the Maldon area, the chief authorities are Moon (18) 
and Bradford(2) 

7 Lidgey(17) published a description and map of the Makns- 
bury and Lauriston gold-field 

8 The Daylesford district has been discussed from one aspect 
or another by W Baragwanath and H S Whitelaw(20, 21), 
and by T S Hart(ll), while extensive collections of graptolites 
were made from that district by T S Hart and W H Ferguson 
Identifications from these collections were^ made by Dr Hall 
Ferguson, on an unpublished plan, also delimited the graptohte 
zones of the district on the basis of the graptolites he collected 

9 For the southern part of the area we have used unpublished 
records of the work of the late H Foster, formerly of the 
Geological Survey Foster’s painstaking detailed work has 
enabled us to plot the structure of an extensive area hitherto 
little known, and to connect it with the better known area to the 
noi th 

10 For the western portion of the district between Yandoit 
and Campbelltown, T Smith has made available to us the results 
of many years of careful field work This enthusiastic worker’s 
records, from a district where even such an experienced field 
geologist as Norman Taylor failed to find fossils, enabled us to 
confirm the conclusions which we had drawn from our own 
rather scanty collections along the western boundaries of our 
distnet Mr Smith not only placed his extensive and valuable 
giaptohte collections at our disposal, but acted as our guide m 
visits to critical localities m the Yandoit district 

For the rest we have relied on our own field work, particularly 
in the Maldon-Newstead area, south of Guildford, and around 
Woodcnd, Kvneton, Lauriston, and Taradale, not to mention 
large areas which have been unsuccessfully prospected for fossils 
Kven in the areas from which we have recorded the results of 
other workers, we ourselves have in most cases verified the mam 
points m the field. 

In conclusion, we gratefully acknowledge the encouragement 
and practical assistance of the Secretary for Mines (Mr W 
Baragwanath), whose detailed knowledge of the structure of 
the gold-fields of Victoria is probably unique Without Mr, 
Baragwanath’s interest, the preparation of this paper would have 
been impracticable As on other occasions, the draughting staff 
of the Mines Department have come to our assistance m the 
preparation of maps and sections for publication 

18823 —2 
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III. Physiography* (vide Map 1). 

The area under discussion lies north of the Main Divide, and 
with the exception of the eastern poition is euLuely within the 
drainage basin of the Loddon River The eastern section diains 
to the Coliban and the Campaspe. The main physiographic 
control seems to be the gianitic massif which extends on the 
north floni Maldon to Metcalfe and Taiadale. "I he t obaw 
granitic massif furthei south-east has also influenced the 
Campaspe drainage The Loddon collects its water not only 
from the northern slopes of the Main Divide, but from 
practically all the inner or southern arc of the Taiieugoiwer- 
Alexander massif (cf Geological Map of Victoiia), while the 
Coliban and the Campaspe chain the south-eastern poition of 
this massif, and flow northwards between it and the Cohaw 
Ranges, 

The Tertiary lava flows also have a profound bearing on the 
present drainage system, the main wutei courses being either 
laterals with relation to the flows or else occupying central 
depressions on them, as, for example, long poitions of the Cam¬ 
paspe It will be shown later that the lavas foi the most pait 
followed drainage channels already established in late Tertiaiy 
times; these m turn are intimately related to the piesent streams 

The third factor is the relative hardness of certain Lower 
Ordovician strata. The general strike of these rocks is almost 
north and south (usually a little west of north), and a great 
number of streams, particularly tributaries, flow in this geneial 
direction for a greater or lesser distance. 

These factors, together with the position of the Main Divide 
in the south, make the drainage scheme intelligible. 

The Loddon flows in a northerly direction from its source in 
the south centre of the area, and then turns westward, to leave 
the map near Newstead, It is fed by a number of tributaries 
which for the most part follow, as we have said, either north or 
south courses. None of these streams has a large catchment 
area, and as the whole district is one of only moderate rainfall, 
the Loddon receives^ little water from any tributaries in the 
mapped area, except in winter and after rains, For the greater 
part of the year, practically all the smaller creeks are cither dry 
or reduced to a mere trickle, 

The Coliban River flows through the eastern section, and its 
chief tributaries, which also have a northerly course—the 
Kangaroo (near Taradale), Back, and Shepherd's Hut Creeks— 
are good examples of lateral streams Near Taradale, the 
Coliban enters the Mount Alexander granite massif, and then 
for some distance flows just inside the border of the granite, 1 
The border of the igneous masses has proved weaker than either 

*Here, as elsewhere, the term granite is used m a popular sense, The rock is for 
t?ne most part a graiiodiorite rather than a true granite. 
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the mam mass of the igneous lock or the contact selvages of 
the sedimentary rocks, so that usually a valley runs parallel to 
the edge of the giamte and just inside it As a result of this, 
the Elphmstone-Faraday-I farcourt road keeps just within the 
granite of the Mount Alexander massif The hardened aureole 
of sedimentaiy rock, on the contrary, stands up as a more or less 
continuous riclge, though bleached in places by stiearns Mount 
Tairengower is an example of such a hardened mass, while 
similar conditions m the east cause the Melbouxne-Bendigo rail¬ 
way to enter the Loddon Valley through a tunnel near Elphm- 
stone, and to leave it by a similar tunnel near Ravenswood 
Barker's Creek has breached the hardened belt near Harcourt, or 
a third tunnel would have been required 

In keeping with the north-south duection of the main valleys 
the chief ndges are also meudional, but minor streams often 
run either east or west, and in the field it is difficult to follow any 
definite north-south ridge for any considerable distance It is 
only on a map, or fiom some specially favorable view-pomt, that 
the north-south trend of the mam lidges can be seen 

IV, Evolution of the Drainage System, 

The pre-basaltic drainage system can be followed with sortie 
degree of precision, as the old auriferous river gravels have 
been mined in most parts of the district Data regarding these 
old “ leads " may be found in Hunter's “ Deep Leads of Vic¬ 
toria "(14), and in order to make the present drainage system 
intelligible, the pre-basaltic diainage lines must be reconstructed 

In “ Deep Leads " times two main streams which have been 
called the Loddon and the Campaspe Deep Leads systems(14) 
drained the area The Loddon Deep Leads system occupied 
approximately the present Loddon drainage basin, but the main 
stream flowed under the present basalt plateau, west of the 
mapped area, and therefore west of the present Loddon The 
lava flows here are veiy extensive, and are of the type called 
by Keble(16) “ unconfinerl ” lava flows, although they occupy the 
wide and flat valleys which existed when they were poured out 
The details of the drainage were altered considerably, but the 
general northerly trend was maintained The present streams 
are much smaller than those t epresented by the Loddon-Moolort 
Deep Leads system Joyce's Creek developed as a lateral along 
the eastern flanks of the Moolort lava flow, and collected the 
drainage which formerly flowed westward to the earlier mam 
channel. The present main stream, the Loddon—m earlier times 
only a large tributary—maintained the general direction of its 
pre-basaltic representative, the valley of which had been followed 
by a long but comparatively narrow flow of lava. Flowing down 
the same valley, the stream took the line of least resistance, and 
meandered from one side of the basalt to the other, leaving 
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“ islands ” of basalt standing altcmatcly above cithci bank as 
flat-topped plateaux The most extensive ol these plateaux is 
that north of Guilclfoul Often the lava flow was not sufficient 
to cover all the old gravels, Iwluch in these cases still suivive 
as hills without a volcanic capping. 

The Cohban-Campdspe system is most intei estmg In “ Deep 
Leads” times the Campaspe drained almost the whole of the 
eastern area The Leads systems show that the main stream ol 
the Campaspe lose south of Bullarto and flowed north-easterly 
towards Kyneton, where it was joined by a west-flowing stieam 
from between the Cobaw and Macedon uplands. It then flowed 
north-west and was joined by tributaries fiom using gjound 
near the present Upper Coliban Reseivoir, and then by a stieam 
represented by the Maimsbury-Paradale Deep Lead, Holing 
records show conclusively that neai Malmsbuiy this stream 
received the Taradale drainage fiom the noilh ffsee also Note 
3, Q S 9 NW.) The Coliban therefore coulcl not have diamed 
much of the area, and its course was confined to the eastern 
edge of the Mount Alexander granitic mass 1 leie lava i cm duals* 
perched on hills alongside the piesent stream, show the emu sc* 
of the pre-basaltic Coliban 

The Divide between the Cohban-Campaspe and the Loddon 
was in practically the same position as at present, but, as indi¬ 
cated, the distribution of the drainage between the Cobban and 
the Campaspe differed considerably The basalt flows in this 
area are complicated and have been derived from many sources 
It is evident, however, that lava filled the old main valley and 
effectively dammed part of the outlet between the Cobaw Ranges 
and Mount Alexander Lateral streams developed along the 
western edges of the flows, but meeting other south-west to 
north-east flaws, had to cut across their necks The Campaspe 
was altogether blocked south of Carlsnihe, and from Kyneton to 
East Metcalfe it had to flow over the suiface of the basalt. 
After this it secured an easier path, first as a western lateral, and 
then, having crossed the lava near Bar fold, as an eastern laloial 

The drainage of the original head streams neai Trent ham was 
disorganized Many laterals developed, some of them nossed 
the narrower parts of the lava flows, as at the Tienlham falls, 
but all were seemingly diverted northwards when they 
approached the main flo\v. They then either broke into the 
Coliban system or were captured by the Coliban, working back 
through the soft granite selvage. The result is that the initially 
shorter stream, the Coliban, has enlarged itself by capturing 
most of the pre-basaltic western tributaries of the original 
Campaspe 

The basalt flows have introduced new features into the topo¬ 
graphy-plains, flat-topped hills and plateaux, ridges, deep gorges, 
asymmetrical valleys, ungraded rivei courses with notable water¬ 
falls, and even river capture on a large scale 
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V. General Geology. 

(a) Rocks of the Area 

The basal rocks of the whole distuct are the Lower Ordovician 
sandstones and shales, but younger rocks are well represented 
The following list will give some idea of the geneial geology.— 

( I ) Posl-terHary —Surface soil, present uver gravels, and 
alluvial mateual The nature of this indicates its wide-spiead 
occurrence 

( II ) Tcrhaiy —The rocks of this age are either river deposits 
or of volcanic origin The volcanic rocks are not all of the 
same type, but aie usually grouped as “ Newer Basalts ” Though 
now found often as hill cappings, they seem for the most part 
to have originally been lava flows down the old valleys There 
are also some volcanic necks, occasionally with small associated 
flows It is not clear whether some of these at least may not 
belong to the so-called “ Older Basalts ” Mount Consultation 
(locally called Bald Hill), near Castlemame, is an example of 
this class Lastly, theie are the “lava dykes” through the 
sediments, leferred to as hmbuigite (1, p 34), but including other 
types of lock 

Gravels, often auriferous, occur both as surface cappings 
and as beds underlying the basalt These gravels have been 
divided by the Geological Survey into two classes—Newer and 
Older Pliocene. 

The lava flaws were piobably responsible for the formation 
of small lakes, since small deposits of limestone are found m 
many places, sometimes with freshwater shells, as along Lime¬ 
stone Creek and near the mouth of Muckleford Creek 

(in) Permocarbonif crons —A small patch of glacial tilhle 
occurs in the Parish of Campbelltown, in the west of the area, 
and traces of Similar rocks are found elsewhere in the same 
parish and along the Coliban River north of Tylden Sandstones, 
referred to the same general age, have been quarried near 
Kyneton for use as building stone. 

( iv ) Devoman .—The granodiorites and granites of the Mount 
Alexander massif and the Cobaw Ranges are intrusive into the 
Lower Ordovician, and by analogy with similar rocks elsewhere 
m Victoria, are dated as at the close of the Devonian A small 
mtiusive mass south of Tarilta is marked on Q S IS SW as 
syenite, but is more probably lamprophyre 

(v) Ordomaan —The “bed-rock” of the district is Lower 
Ordovician m age Sandstones, shales, and claystones are found, 
limestone being absent In some places, as near Castlemame, the 
shales have been altered to slates, which have been quarried as 
flagstones Graptohtes are to be found in all types of the finer 
sediments, but their extraction is rendered difficult either by the 
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entire absence of cleavage, as in many of the claystoncs or 
mudstones, or by the development of cleavage at vaiymg angles 
to the lamination Lithology is no guide to age, as LanccTieldian 
graptolites may be obtained from rocks which m appeal ance 
might well be mistaken for either Bendigonian or Castlemaiman 
Two generalizations may be made with some icsorve—beds with 
thin black bands through lighter-coloured shales are likely^ to 
be Lancefieldian, while thick beds of rather thin-bedded bluish- 
puiple shales are likely to be Darriwilian Still, tbeic ate so 
many exceptions, particularly to the latter statement, that only the 
discovery of fossils is decisive 

(&) General Structure (vide Map 2 and Sections ), 

For convenience, the general structmc of the district will be 
considered before dealing with the distribution of the various 
graptolite zones on which our mtei pi elation of this structure is 
mainly based 

The main structural lines tiend a little to the west of north, as 
plainly indicated by the strikes noted on the various Quarter- 
sheets One of the mam axial lines is the Maldon, Dean anti- 
clmoria m the 'west of the mapped area On the western flank 
of this, Bendigonian beds appear to follow m noimal succession, 
with at least one small area of Castlemaiman m the Wcrona 
synclmorium, but the eastern limb is truncated through probably 
the whole length of the map by what nurd be regarded as one of 
the major geological features of the district—the Muckleford 
Fault 

These anticlinoiia are succeeded to the east by the Muckle- 
ford-BulIarto synclinorium Still further east is the Chewton- 
Lyonville anticlmoriuxn, which becomes more pronounced to the 
south, A small synclmorium intervenes between it and the next 
major anticlinoriumi—the T&radale-Lauristom The continua¬ 
tion of ‘these anticlmoria and synclinoria to the south must be 
left for sepaiate treatment, A wide stretch of Datriwilian rocks 
along the Gisborne Creek and as far north as Woodcnd forms a 
break between the area mapped and the Bendigonian beds out¬ 
cropping in the Pyrete Ranges(10). It may confidently be 
predicted that a succession of anticlinoiia and synclinoria similar 
to that dealf with will be found south of the Main Divide, but 
detailed mapping will be icquired before it is known how far 
faulting has modified the succession. 

West of the area mapped in this paper, no rocks high in the 
Castlemaiman oi of Darriwilian age are known to occur, but 
to the past theie is in the south a wide expanse of Darriwilian 
beds, giving place still further south to the Upper Ordovician of 
the Riddell 'synclmorium(19) North of Mount Maccdon, 
Darriwilian beds also occur in a broad east-west belt, but arc cut 
off m l the north by the Cobaw massif, north of which the most 
Widely distributed series are the Castlemaiman and Bendigonian. 
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Map 2.—Structural Sketch Map of East Talbot Area. 
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(c) Structural Detail . 

The positions of the auticlmoria mentioned above have been 
fixed by the record from them of giaptolites of the*older series, 
particularly the Lancefieklun, the plotting of dips being 
unreliable, since m the field close folding makes it impossible 
to distinguish major fiom minor lines of folding Some of the 
more obvious anticlines, as for'example m the neighbourhood of 
the Town of Castlemame, are almost immediately “ cancelled 
out ” by less prominent synclmes. From the plotting of the 
graptolite zones it is evident that pitch is a very important 
factor When considering such a large area, and observed angles 
of pitch, though not numerous, show that the effects attributed 
to it cannot be considered exaggerated It must be realized that 
over a wide expanse of country individual folds are usually 
elongated troughs or domes, and when followed along the line of 
strike die out, to be succeeded by similar features along parallel 
lines Hall (6, pp 64-65) has refened to this m his account 
of the Castlemame distiict It follows, theiefore, that when an 
anticline is tiaced for a considerable distance along the line of 
strike, younger beds will occur along the nose of the fold This 
is usually so gradual that it is rarely observable except when 
observations from an extensive area are plotted It is very 
noticeable on the map (Fig 2) for the more complicated 
structures, as, for example, in the Chewton-Lyonville anti- 
chnorittm, where Lancefieldian beds near Lyonville are followed 
by Bendigonian from Glenlyon to the Monk Hill (Castlemame), 
then by lower Castlemamian at Cherwton and higher Castle- 
mamian further north 

The structures termed anticlinoria are really complicated 
domes. The latter term, brings out the fundamental structure 
of Victoiian Ordovician rocks—viz,, isolated areas of older beds 
surrounded by younger ones Frequently, as one dome loses its 
impeltance and dies out, two others arise, one on either side of 
the first, so that the anticlinal structure of that belt gradually 
becomes a synclinal one, The term dome has not been used, as 
it has a restricted and particular meaning in Victorian mining 
geology 

The folding of the area is very close, and therefore the out- 
crops of the various zones are much more complicated than a 
small-scale map will indicate Such a map must necessarily be 
generalized. For this reason, the structural features have been 
considered in the wider terms of anticlinoria and synchnoria, or 
domes and troughs, leaving more detailed treatment of boundaries 
for the future. Faulting is common, as can be seen in any large 
outcrop and in plans of most of the mines, but it i$ ( only when 
a fault is of considerable magnitude that it can be traced in the 
field or indicated on the map The absence of fault hues from 
the plans is therefore no indication that fthey cjo not exist, 
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VI. Distribution of Qraptolite Series and their 
Relation to Axial Lines. 

(a) Maldotij Dean Antichnona, and Werona Syncllnonum 

This area, west of the Mucldeford Fault, shows Laucefiehhan 
beds at Maldon, near Fentmian’s Reef (east of Maklon), along 
the Tarrengower Creek, east of News!cad, west of Yandoit and 
Franklmford, and m the Parishes of Bullarook and Dean. r l hese 
are the beds below those characterized by the appearance in 
force of Tetragrapixus fruiicosus , and are marked by the pre¬ 
sence of Dictyonemg, Bryograptus, Clonograpius , and Tatra- 
graph such as T decipiens T S Ii and T approximate Nich 
Fossiliferous outcrops are not as common as one would desire in 
this belt, but as Laucelieldian graptolites are often confined to 
very thin soft black bands mterbedded with silky shales and 
massive sandstones, and are only observable under favorable 
conditions, it is lather remarkable that so many outcrops have 
been located in a region where attificial excavations are not 
common The western beds of this anticlinorium appear to .show 
the f normal rise to Benchgoman at Dean, Smeaton, Campbelltown, 
and west of Newstead In the Paush of Campbelltown, lower 
Castlemamian (Dtdymograptns cf bifidus) beds are lepicscntcd 
—one of the most westerly occuirences m Victoria as far as we 
are aware—indicating a synclinormin in the extreme west of the 
mapped area—the Weiona synclmoritmi 

The eastern limb presents a different picture Only to the 
south do Bendigoman beds appear, and even here they arc 
apparently of less than normal extent, partly due to faulting, 
as will be described presently, and partly due to pitch—southerly, 
south-west of Daylesford, and northerly, near Hepburn. North 
of Hepburn, Ca$tlemaiman beds seem to make contact with the 
Lancefieldian of Yandoit, while still further north there is a 
great development of Damwihan rocks m the Guildford-JRullarh 
synclmonum and a most pronounced break in the normal succes¬ 
sion, The whole of the evidence points to a fault Hue just west 
of, and parallel to, Mucklefoid Creek, and continued southward 
The Quarter-sheets, as far as they include this portion of the 
district, show two features of interest:—(1) The graplolite 
localities recorded by the old survey are much less frequent 
west of this line than further east—in fact, only two or three 
localities are marked to the west; and (2) the quartz reefs so 
carefully marked on these old plans are much moi e numerous in 
the western belt, and show up as a band of closely packed 
parallel lines with a general trend a little to the west of north, 
m contrast t with the more open arrangement to the cast. In the 
field, the predominance of sandstones and the almost complete 
absence of belts of black slate arc notable, All these features 
give reasonable grounds for suspecting that the valley of the 
Muckleford Creek roughly marks an important structural break 
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m the country, and our field work confirms this In amount of 
throw, and m the faulting of Darnwilian against Lancefieldian, 
as well as m the normal rise to Bendigoman on the east, it 
compares with the Whitelaw fault (Harris, MS ) m the Bendigo 
East district 

(b) Muckleford—Bullarto Syndinonum 

This synchnoiium is marked by the extent of Darnwilian 
rocks m the north Further south, high Castlemamian beds 
appear, indicating a northerly pitch m this part There is 
apparently a reversal of pitch still further south, indicated by a 
patch of Darnwilian near Bullarto In the extreme south the 
succession passes from Darnwilian beds through Castlemamian 
to Bendigoman, so that the pitch seems to be again northerly, 
and the synclme dies out 

(c) Chcwton-Lyonmlle Antichnonnm 

The general pitch of this anticlmonum is to the north, with 
some relatively unimportant reversals It is represented by a 
wide but northerly-narrowing belt of lower Castlemamian 
between Chewtou and Wesley Hill (east of Castlemame), Ben- 
digonian from the Monk Hill nearly to Lyonville, and Lance- 
fieldian m the south occupying a wide belt between Lyonville 
and Trentham 

(d) Expedition Pass Synchnornim . 

This is seemingly a smaller feature than the others dealt with, 
and brings upper Castlemamian up at Expedition Pass) lower 
Darnwilian half-way between Chewton and the Elphmstone rail¬ 
way tunnel, and upper Castlemamian further south, and is then 
lepresented on oui map by a belt of Bendigoman, the existence 
of which is only inferred from records to the east and west 
This southern strip covers rough country crossed by few tracks, 
and almost lacking m good rock exposures except in the larger 
creeks What exposures there are show for the most part sand¬ 
stones and sandy shales, while nothing but sandstone shows on 
the slopes even where the surface is not obscured by thick scrub 
Detailed work, which will take much more time than we were 
able to allot to this area, will be necessary before any possible 
gtaptolite outcrops can be located Here we are compelled to 
fall back on inference and on the very doubtful evidence of 
lithological resemblance This, for what it is worth, would seem 
to negative the suggestion that the belt is Darnwilian, but there 
is no positive evidence as to which, or how many, of the lowei 
senes may be represented 

( e) Taradale-Laumton Anticlmonum, 

This anticlmonum, like its western counterpart, is one of the 
major features of the district, and the evidence on which it is 
plotted is conclusive, for the records, though comparatively few, 
are well spaced The most northerly record is from near the 
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Taradale Railway Station South of this, the sm face is almost 
entirely composed of basalt, but neatly eveiy nunc dump 
examined yielded Lancelieldian graptolites, This welcome result 
is all the more acceptable as there weie rarely more than a few 
weathered fragments of black shale available, and these so badly 
cleaved that often a consultation was necessary to determine in 
which direction the piccious fragments should be broken. Still 
further south, a good collection was made fiom the Kangaioo 
Reef, at Lauriston (near the old survey locality Ba 77, Q S> 
9 S.W). Lancefieldian graptolites have been collected fiom 
Shepherd's Hut Creek and the Coliban River by U, Foster, and 
they also occur near the Kyncton-Tylden load. 

In the extreme south, younger beds occur along the line of 
strike This feature can be explained by a marked southerly 
pitch This we think is the probable explanation, but in the 
absence of direct evidence other explanations, such as faulting, 
are possible It is here also that we again meet the difficulty 
referred to under ( d ) above The area between Glcnlyon and 
Drummond is the southern continuation of the Taradale^Glcnhice 
belt It represents rough unpiomismg country, but is piactically 
unexplored as far as graptolites are concerned. Our own trips 
through it have been fruitless, but there is no l cason why a 
greater expenditure of time may not yield impoitant lesulls. In 
ithe absence of records we have piesumcd that a narrow belt of 
Bendigonian divides the Taradale-Lauriston anticlmorium from 
the Chewton-Lyonville line 

(/) The Eastern Belt . 

This area will be treated more or less sketchily since it lies 
outside the area on which we have mainly concentrated our atten¬ 
tion. Moreover, the development of granitic and volcanic rocks 
is so extensive that the axial lines can be understood only when 
studied as part of a larger unit outside the present mapped area, 

To the north-east, the Taradale Lancefieldian seems to he 
succeeded normally by Bendigonian, which is shown below 
Mitchell's Falls (near Barfold), and by Castlemainian furl her 
east. In the south-east, Castlemainian beds south-west of 
Woodend and an extensive area of Dairiwilian cast of them 
extend far to the south, towards the Wooclend-Newbam- 
Rochford-Gisborne area, which fringes the Upper Ordovician 
of the Riddell synclinorium 

South of the mapped area the succession is broken along a 
north and south line by the Djernwarrh Fault. The extensive 
area of the Darriwilian south-west of Woodend and in the valley 
of the Gisborne Creek west of Macedon, taken together with the 
distribution of lower zones north and south of this section, as 
for example in the Pyrete Ranges, would seem to imply the 
existence of numerous smaller faults, which, however, cannot 
be demonstrated The extent to which faulting must be invoked 
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to reconcile discrepames can be determined only by detailed field 
work. The following extract from Whitelaw’s account (21, p 
13) of the structure of the Daylcsford gold-field will indicate the 
important part that faulting may be assumed to play.—“ Subse- 
sequently to the folding which they have undergone, the beds 
have been cut into mnumeiable slices by west-dipping thrust- 
faults, which, on the eastern side of the main anticlines, form 
the principal reef-channels of the field There has been con¬ 
siderable movement upwards on the western side of most of these 
faults, which fact, no doubt, m a measure accounts for the 
appearance at the surface of the closely-folded intensely- 
fractured Bendigoman beds of the western area . The most 
graphic description would not half so well convey (as the plans 
and sections) to the interested person the manner m which the 
folds—the arches and troughs—have formed, rolled out, and 
re-formed; how and where they converge, diverge, and throw out 
laterals; how, the pressure persisting, the beds m refusing 
further to fold have had, perforce, to snap, causing the set of 
beds on the upper side of the fissures so formed to slide upwards 
to where they came temporarily to rest some scores of feet above 
their countei parts ” 

VII. Relation of Auriferous Areas to Structure. 

The subiect of f< favorable stratigiaphical zones ” from the 
point of view of the gold miner has been prominent since the 
early days of the gold-fields Hall (6, pp 76-77) discusses it, 
and after giving an account of the recognition of auriferous 
and non-auriferous bands, sums up —“ When we reach what 
Selwyn states to be the highest beds of the district . the 

quartz reefs are barren In the Lancefield rocks again 

no gold occurs It appears then that the auriferous strata of the 
Lower Silurian [i e , Ordovician, Ed ] rocks begin above the base 
of the apparently thick Tetragraptus fruticosus zone, and range 
at any rate as high as Phyllograptus , but probably no higher.” 
Selwyn’s placing of the highest beds as along the Muckleford 
Creek has been confirmed, though the “ more numerous reefs ” 
referred to in a part of the above paragraph not quoted are 
possibly those of the Lancefieldian series west of Muckleford 
Creek, The range of Phyllogi'apkus as understood by Hall would 
be up to the middle Castlemamian, while the “ Lancefield rocks ” 
would refer only to the original type locality north of the old 
Mount William Railway Station—a point overlooked by 
Junner (15, p. 211) It may be noted lhat we have found 
Phyllograptus at the type C2 locality in Victoria Gully, and that 
it is common m the Darnwilian 

E J. Dunn, formerly Director of Geological Survey, also 
held the opinion that there were favorable and unfavorable beds, 
his " favorable beds ” being the “ Bendigo zone, especially the 
upper portion” (3, p 170), 
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H Iierman(12) discusses Dunn's conclusions, and points out 
that at Bendigo beds on a particulai honzon which are favoiabie 
m one mine 01 group of mines may be unfavorable in olheis, 
and the only generalization which seems to hold as 10 favorable 
beds in the distnct we have studied is that the Damwilian series 
is invariably unfavoiable, though the older series are not 
uniformly favorable The question apait from this seems rathet 
to be one of structure than of age, and will be discussed from 
a structural stand-point Before we pioceed to do this, attention 
may be called to Jminer’s v sumlar discussion of a younger 
area(lS), and also to the conclusions airived at by Gepp, 
Baragwanath, and Stillwell, m a repoit on oui present area(4), 
These conclusions are — 

(1) The Darriwil beds have so far been uniformly barren. 

(2) The upper beds of the Casllcmaiman have contained 

productive fault reefs Occasional saddle reefs are 
known, but productive spuny iceis ate more 
characteristic 

(3) The Bendigo honzon has been piovcd to contain 

numerous productive saddle leefs in addition to pro¬ 
ductive spurry reefs 

(4) Saddle reefs occur in beds of the Laneefield horizon, 

but theie is a tendency towaids the occurrence of 
“ indicator ” gold 

These opinions, which may be taken as the most authoritative 
yet expressed on the subject, are quoted in full, as the present 
paper is based on the realization of “the importance of the 
extension and continuance of the detailed geological mapping m 
order to delimit the more productive horizons and to elicit the 
facts bearing upon the chance of success of further exploration 
and deep sinking "(4) 

In considering the connexion between sttucture and auriferous 
areas, only reef mining is considered, except where the original 
souice from which alluvial gold was shed can be indicated A 
map on which auriferous areas arc marked shows that they 
appear to be limited to several meridional belts. This depends 
on the more or less north-south strike, but a study of structure 
shows just what fields may be regarded as ielated Structurally, 
Maldon is connected with Yandoit and Dayles Torch while Castle- 
mame is linked up with Trentham and Blackwood* The 
Launston gold-field is on a structural line still further east. This 
line continued to the north includes Taradale, and would pass 
through Bendigo, but the great plutonic mass of Mount 
Alexander prevents reliable correlation between the belts on its 
north and south sides, 

Another point, already referred to, us that the stratigraphical 
mapping shows that auriferous reefs in this district have been 
worked in the Lancefieldian, Bendigonian, and Castlemamian 
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series, but not in the Darnwilian It does not follow, however, 
that gold is to be found m a region merely because its rocks are, 
for example, of Bendigoman age, but, on the other hand, the 
absence of gold-mining from the Darnwilian is clearly shown 

Interpreting this evidence structurally, it appears that the anti- 
chnoiia of the district are favorable for gold, synclmona are 
unfavorable This conclusion is empirical—the result of observa¬ 
tion—but it can be defended on logical grounds Thus, anticlines 
are notoriously lines of tensional stress, and the fractures caused 
by the stresses they have suffered would make them peculiarly 
favorable for the infiltration of mineral solutions This is only 
an inadequate explanation, since quartz reefs are not limited to 
any one senes, but occur m all Our observations would also 
seem to indicate that the “ nose ” of an anticlmorium where the 
pitch steepens, or where reversal of pitch occurs, seems to have 
been favorable for the deposition of gold These conditions seem 
to apply at Daylesford, Fryerstown, and Castlemame, but m the 
light of obseivations made at Bendigo (12) on all such factois 
as stratigiaphical age, folding, and pitch, the difficulty of making 
any generalizations will be realized 

Othei results bearing on the deposition of gold have been the 
determination of the stratigraphical age of certain areas 'which 
hitherto had not been fixed Thus Launston and Maldon both 
turn out to be Lancefieldian This is of importance, as in the 
past stress has been placed on the recurrence of saddle reefs at 
Launston (13) though it is added that profitable mining had been 
mainly on an inverted saddle or synclinal reef It is possible 
that the Launston gold-field may resemble Ballarat rather than 
Bendigo, and also that, though “ indicators ” do not seem to 
have been recorded m the district, they should be worth 
prospecting for 

VIII. Critical Localities and Suggestions 
for further Work. 

In so extensive a district, where only comparatively small 
areas have been studied m detail, and then usually from a 
different point of view from that of the palaeontologist, it must 
happen that there are portions where further and more detailed 
search for fossils is desirable 

Commencing in the west, details are desirable in the country 
to the cast of Campbelltown and west of Newstead There is 
also a gap between Welshman’s Reef and the Muckleford Creek, 
where further discoveries may be made On the whole, however, 
the localities along the line of the Muckleford Creek seem, decisive, 
though a critical examination of the line between Franklmford 
and the Castlemaine-Maryborough railway might yield important 
information 
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Our information is fairly full for the Casllomaine sector(9), 
and it seems unlikely that more detailed work will modify our 
conception of the stratigraphy of this area except details 
The same lemark applies to the area noith-west of Glenlyon. 
Minor anticlines of Bendigonian beds may break the continuity 
of this Castlemaiman synclinonum, but it is improbable that otu 
general mapping here is in error. 

East of Glenlyon, the case is diffeient Between Glenlyon 
and Lauriston the note on Q.S. 9 SW. reads, “ High scitibby 
ranges intersected with numerous deep gullies, probably 
auriferous. The prevailing locks are coarse and fine-grained 
sandstones of different shades of grey and brown; micaceous 
shales occur only as occasional beds. Quartz reefs are abundant, 
having the same direction as the schist rocks with which they 
occur—N. 10-20° W.” Certainly this is not encouraging country 
in which to search for graptolites, and our own efforts, necessarily 
l imi ted, have been unsuccessful. Yet the provisional zoning of 
the stretch of country from Fryerstown and Taradalc m the 
north to Glenlyon and Drummond in the south must be regarded 
as unsatisfactory, and subject to revision when further data 
shall have been collected. 

The same remark applies to the belt shown as Lancefieldian 
east of Taradalc Here again fossils have not been found, except 
along the western margin 

It is hoped that the present paper will provide an outline 
which can be filled in by others, who, taking smaller areas for 
study, will be able to work them out in greater detail. One 
important point which such detailed work will make clear is the 
normal thickness of each zone to be expected in any part of the 
district When this is known, we shall have a clearer idea of 
the structure of the /whole area 

IX. List of Principal Graptolite Localities 
in the Area. 

In the following list of principal graptolile localities il may be 
noted that:— 

(i) In districts where a more or less complete succession 

has been worked out, as around Castlemaine, refer¬ 
ence is given only to the records of previous workers. 

(ii) Where no zonal reference is given, the serial age only 

has been determined or numerous beds of differing 
ages occur. 

(lit) Except where otherwise stated, the determinations arc 
those of the present writers. 

(iv) Names in brackets indicate parishes, e.g., (Makkra). 
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I Lancffiei dian Series 

[Zones of Dictyonema and Bryograptus (L3) , Bryograptus (L2), 
Tetragraptus approximatus (LI) ] 

A Maldon, Dean Anticlinoria 

(а) Maldon area— 

( 1 ) Old mining dumps, east of Maldon-Castlemaine road, about 
20 chains south of South German shaft (Maldon) (L2) 
(n) “ Flying Pig ” dumps, about 1 mile south of Maldon, on 
Maldon-Newstead road (Maldon) (L2) 

(m) Several outcrops m Tarrengower Creek, between Maldon and 

Welshman’s Reef (Maldon) (L2 and 3) 

(iv) Dumps on north of road to Goldsborough mine, west of (m) 

(Maldon) (L2) 

(v) Dumps near road junction north of (iv) (Maldon) (L2), 

(vi) Cuttings on Maldon-Castlemame railway, near Fentiman’s 

Reef (Maldon) (L2) 

(б) West of South Muckleford— 

(l) Note 35 “ Graptohtes,” Q S. 15 NE (Strangways) (LI) 

(c) Yandoit area— 

(i) Allotment 19a of section XII (Yandoit), 25 chains west of 
Yandoit State School (L3) 

(u) Road cutting south of Clydesdale, Newstead-Yandoit road 
(Yandoit) (LI) T Smith coll 

(ni) Dumps of Golconda Mine, SW of Yandoit (Franklin) 
(Lancefieldian?—only record, Clonograptus ) 

( d ) Bullaiook-Wombat-Dean area— 

See T, S. Hall’s identifications (7) 

B Tientham-Lyonville Anticlinorium (References, except (iv), to 
unpublished work of the late H, Foster, Geol Surv, Viet) 

( 1 ) Near the north-west corner of Township of Lyonville 
(Bullarto) (L3) 

(n) Near Newbury (Trentham) from old shaft near Old Snake 

Gully mine 

(m) Trentham-Daylesford railway, about 1 mile west of Trentham 
(Trentham), 

(iv) Kangaroo Creek (Coliban) Several bands of badly-cleaved 
decomposed black slate occur about 40 chains south of the 
Spring Hill~Glenlyon road No graptohtes were obtained 
m wtu in these, but a piece of similar slate m the bed of 
the creek showed Bryograptus sp 

C Taradale-Lauriston Anticlinorium 
(a) Taradale area— 

(i) Road cutting north of railway crossing near Taradale Railway 
Station (Elphinstone) (probably L2). 

(u) Road cutting about 30 yards south-west of Taradale Railway 

Station (Elphinstone) (probably L2), 

(lii) Old mining dump west of creek, m allotment 14, Township of 
Taradale (L2) 

(iv) Road cutting at south-west corner of allotment 36' of section 
10 (Elphinstone) The only graptolite found was Clono¬ 
graptus . 

(v) Old mining dumj5s opposite side of east and west road to 

allotment 9 of section 11 (Elphinstone) (L2) 

(vi) Old mining dump near “65 miles” Q S. 9 N,W. allotments 
50-51 (Edgecombe) (L2) 
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(vn) Dumps of Ironstone Mine, south-east coinei, allotment 55 
(Edgecombe) L2-3) 

(vm) Old mining dumps, Little Wonder Lead, N.W, of Mahmbmy 
Railway Station (Edgecombe) (L3) 

( b ) Fiyeislown-Tai addle area— 

We found no determinable giaplohtes between Taradale and 
Fryerstown until the highei beds near Fryerstown were 
reached Fragments with primitive thecae were found neai 
the'Cohban-Loddon Divide, near Fryet stown-Taradale mad 

(c) Lauriston area— 

( 1 ) Aroona shaft, allotment 59 a (Btitke) (L2) 

(n) Shaft in allotment 5 (Burke), west of (i) (probably L2). 
(in) Kangaroo Reef, Ba 77, QS 9 S.W (Btuke) (L3), 

(iv) Russell’s Reef, Amalgamated, shaft m Launston Township 

(Lauriston) (only record, Ih yoqrapkuv) 

(v) Energetic Reef, allotment 286 (Launston) ( \2) 

( d ) Tylden area— 

(i) Allotment 3 (Tylden) (note on Q S. 9 5E), 

(n) Premier Mine, allotment 82 (Tylden) (L3). 

(in) Cobban Rivci, allotment 98 (Tylden). 

(iv) Coliban River, noith of allotment 96 (Tylden) 

(The last two localities from H. Fosters iccords,) 

II BENDrGONIAN SHUES 

(Zones of Tetraqraptus fruheoms and T fiuticosu ? with Duhmaqiaptus 
cf “ protolnfuhis/’) 

A Werona Synchnorium 

(a) Newstead-Campbelltown aiea— 

( 1 ) Numerous localities m the noith-east of the Parish of Camp- 
belltown T Smith 

(n) Allotment 26 of section 12 (Tancngower) (I ocalhy on an 
old plan of W H. Feiguson We have been unable to verify 
it Thm bands of black shale lemind us of Lancefieldmn,) 

B Dean Anticlmorium 

(a) Dean area— 

See reference (7) 

(b) Daylesford area— 

See (7), (8), and (11), 

C Trentham-Chewton Anticlmorium 

(a) Chewton-Fryerstown area— 

(l> W (B3-Bl) Mt EUreka (T!lC ' Monk Ihll> f 0 ' 11 " 11 ' 11 ' 11 ') 
(ii) On both sides of Chewlon-Fiycrstown toad, south of Spec i- 
men Hill (Chewton and Fryer 1 stown) 

(m) South of Frycrstown (B4-B2) 

[For further details see Earns (9) J 

(b) Area south-west of Glenlucc— 

(0 QS, 15 NE (Fiyerstown) (Bl) 

(u) Along Glenluce-Glenlyon road (west of Locldon River) 
(Holcombe) 

(m) Sebastopol Diggings (Holcombe) 

( c ) Glenlyon area— 

Allotment 3 (Glenlyon), on Loddon River, above falls 
(u) Quarry, allotment 7 of section 1 (Glenlyon) (H. Foster), 

( d ) Lyonville area— 

(i) On boundary of Township of Lyonville 

(n) Around Blackwood (Blackwood) (south of mapped area). 
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D Area between Lauriston and Trentham Anticlmoria 

The only records are from the extreme north and south 

( a ) North— 

At both east and west approaches to Elphmstone railway cutting 
(Chewton and Elphmstone) 

(b) South— 

On Coliban River, in north-west corner of Parish of Trentham 
E Eastern area 

Our only record is of B3 from Italian Diggings, below Mitchell’s 
Falls, Campaspe River, Q S 13 S E 

III Castle maini an Series 

(Zones of hograptus caduceus var pyimula and lunata to I caduceus 
var maximo-dwergens) 

A Werona Synclmorium 

(l) South bank of Deep Creek, Werona (Campbelltown) (C5), 
coll T Smith 

B Aiound Dean Anticlinorium 
See references (7, 8) 

C Mucklcford Synclmorium 

(i) Castlemame area See Hall (6) and Harris (9) 

(n) Between allotment 8 of section IX and 13 of VIII (Yandoit) 
(Cl) 

(m) In south-east cornei of section IVa (Yandoit) “Rocky 
Waterholes Creek” QS 15 S E (Cl) 

(iv) South of Vaughan (Fryerstown) (C5) 

(v) Sebastopol Diggings (Holcombe) (C5) 

(vi) North of Glenlyon Township (C4) See note m extreme south¬ 

west corner of Q S 9 S W 

(vn) For numerous records m the Bullarto district we have 
depended on the work of H Foster 

D Expedition Pass Synclmorium 

(l) On both sides of Forest Creek, north of Chewton (Faraday 

and Chewton) (C3-C1) 

(u) South of the Chewton-Elphmstone railway (C5-C1) See 
also Harris (9) 

(iii) North-east of Parish of Fryerstown (C3 and higher) 

E South-eastern area 

Numerous Castlemamian localities along the Campaspe River, south¬ 
west of Woodeucl (C5-C1) (H. Foster and the authors) 

IV, DARPTwrnAN Series 

(Zones of Oncoqraptus, Cardtogroptus, Glvptoq austiodcntcitn^ and zones 
with D nodosum, &c ) 

A Muckleford Synclmorium 

(0 Northern area See Plarris, cit sup 

(u) Between sections II and VII. (Yandoit)—several localities 

(m) Allotment 11 of section II (Yandoit) (D4), coll T Smith. 

(iv) Between allotments 4 and 5 of section IV A (Yandoit) 

B. Bullarto Synclmorium 

D5 recorded by H Foster, on Leitch’s Creek, about i mile 
upstream from mineral spring on road from Musk 

C Expedition Pass Synclmorium 

(l) On both east and west of bridge over Chewton-Elphinstone 
railway at 734 miles (D5) 



178 


W J Hams and D. b Thomas 


D South-eastern area . . - 1 , T r. 11 

( 1 ) Numerous localities on both sides of the Carlst uhc-Lanceltelu 
road, and between this load and the Mt. Maccdon igneous 

series (Dl) r 

(h) On mam Bendigo load, about 4 mile noith of Clock Towel, 
Woodend (Woodend) (Dl), 

(m) Between allotments 95 and 98, north-cast of Woodend 
(Woodend) (Dl) „ 

(iv) Ba 74 Q S. 10 N E„ south-west of “ Woodend J own 

Common ” (D2) f Jf r , 

(v) South of the mapped area, extending south nom Woodend 

to beyond Gisborne, there is an extensive belt of Dariiwilian 
beds, with probably a complete series along the Gisborne 
Creek 
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Art XIV— Some Sap-staimng Organisms of Pmus Radiata, 
D. Don, in Victoria, Australia. 

By AUDREY M ECKERSLEY, M Sc 

(Botany School, University of Meibomne ) 

[Read 9th November, 1933, issued separately 7th May, 1934] 

A considerable amount of attention has been paid to fungi 
responsible for sap-stain m the Northern Hemisphere, but as 
far as I know there have only been two reports concerning sap- 
stam from Australia and New Zealand The first(13) deals 
with the, staining of Pimts radiata (syn P msiqnis) boards by 
Ccratoslomella sp m New Zealand, and the second(8) with 
staining which was cited as being due to the same genus, in 
pme timbci m Queensland 

I. Origin of Forms Dealt with. 

The sap-staining or blue-staining organisms dealt with in this 
repoit were isolated from P radiata timber m all three cases. 

(a) Hormonema demahoides Lagerberg and Melm(6). This 
organism was isolated from timber kindly sent by the, Forests 
Commission of Victoria P radiata boards from Castlemame 
were maned by light neutral-gray to green-blaclc streaks(9). 
The transverse surface showed the characteristic staining in radial 
sectors When samples of the three lots of material were split, 
the staining was found to penetrate throughout the boards 

(b) Ccratostomella sp , Form A and Form B I am indebted 
to Mr J E. Cummins, of the Council for Scientific and Industrial 
Research, for cultures of these forms and for specimens of 
timber stained by them 

Form A was isolated from case stock from Somerville, Victoria 
Attention was first directed towards staining caused by this form 
when some very badly stained fruit-cases which had been made 
up m the green condition were examined. The previous history 
is unknown, 

Form B was isolated from case stock from Redhill, Victoria 
Pmus radiata sapwood, after being felled and cut into case ends 
and sides at Redhill, Victoria, was immediately sent to the case 
manufacturers, where it was stacked out to dry After about 
three weeks, while the material was still m the stacks, blue streaks 
appeared on the surfaces of the sapwood pieces This condition 
rapidly grew worses until entire surfaces were badly blued and 
penthecia appeared xn profusion The staining degraded the 
stock, rendering it unfit for use m best class cases. 
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II. Methods of Isolation of Organisms. 

In order to isolate the oigauisnis lespnnstble foi the blueing, 
two methods weie employed —* 

( a ) In the case of Ceialoslomella sp , bonus \ and B, 
wheie peiithecu weie pie ( sent, one oi lhes(‘ was 
iemoved with sterile needles and plated on to malt 
agar 

(£>) In the case of Ilonnonema dcmatioidiw , when* no 
perithccia were piesent, and as an alternative method 
lor the isolation of Forms A and P>, the following 
method was employed -—The surface of a sample of 
the infected wood was cleaned with mercuiic chloride 
solution 1 1000 to eliminate chances of contamination 
with surface organisms A tomahawk was sterilized 
similarly Aftei chopping through the hoard to expose, 
a tangential suiface, a small sliver of the blued interim 
was dug out by means of flame-sterilized ehisel-fmeops 
and emplanted ui a mall agar slope 

Pure cultures were obtained by transfcirmg to plain agai and 
back again to malt agar Cultures were also giown on staieh 
media and pme- and corn-meal media 

III, Methods of Re-infection, 

In order to test the pathogenicity of the forms isolated, pute 
cultures were used to infect clean P radiata blocks. 

P t radiata sapwood was cut up into blocks 4" x 1" x 1" 
(approximately). These were put into flasks on a small pad 
of cotton wool and were sterilized for half an hour at half an 
atmosphere pressure When cold, a quantity of sterile water 
or prune juice was added and the blocks were infected by 
inoculating transverse, radial, and tangential surfaces with a 
portion cut from a young culture of the organism growing on 
malt agar The cultures were cut so that each piece of inoculum 
consisted of a young growing edge of cultuic togefhet with the 
adjacent portion of older growth, The flasks were plugged with 
cotton wool and a cellophane cap was tied ovei the plug, Masks 
were incubated at room tempeiature during the warm mouths 
and at a constant temperature of 26° C. during the winter. 
After three weeks the oiganism was re-isolated horn the blued 
blocks in the, manner described previously 

In the first inoculation experiment the blocks were too wet 
to permit of any staining by the fungus. At the end of the 
experiment the moisture content (based on the oven-dry weight) 
of two of the blocks was determined and found to lie 191 and 
158 peir cent respectively 
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In subsequent inoculation experiments with the moisture 
content in the neighbourhood of 100 per cent, the organisms 
were found to stain the blocks throughout 

For the purpose of examining the distribution and % nature of 
the organism within infected wood, small blocks, 1 cm square 
approximately, were cut from the experimental blocks and boiled 
m water until they were fully saturated Then ladial and 
tangential sections were, cut from them and stained by Cait- 
wrighl's method and mounted m balsam(l) 

IV. Description of Organisms. 

(A) Hormonema dematioides Lagerberg and Melin 
This fungus, which shows a great variety of foim m the habit 
of its mycelium, was first described by Lagerberg, Lundberg, and 
Melm m “Blueing m Pme and Spuice”(6), as occurring m 
sawn-pme and spruce and living pine-needles 

1 Cultural characters 

The culture on malt agar commences giowtli as a colourless 
mat which m a few days takes on a greenish tmge This darkens 
lapidly and m older cultures the upper and lower surfaces both 
show as a deep green-black Growth occurs either regularly, m 
a concentric fashion, or more irregularly, m the form of fan¬ 
shaped outgrowths and small bays which indent the peripheiy 
of the cultuie The surface is slightly toughened or more 
coaisely corrugated. In cultures from freshly isolated strains 
practically the whole surface becomes covered by dirty whitish 
moist masses of comdia When the strain becomes older, 
conidial pioduction is not so abundant, and the surface of cultures 
become covered with a brown air mycelium 

2 Mycelium 

Young hyphae are hyaline, non-septated, and sparingly 
branched Further back m the slightly older paits of the plate, 
septa Gccui at frequent intervals This fungus is interesting in 
that the mycelium shows such a number of types of modification 
The following types were noted.— 

(a) Ordinary longicellular hyphae with stiaight-sided cells and 
lenticular septa (Fig 1) 

(b) Brevicellular hyphae with rounded sides and lenticular 
septa (Fig 2) 

(c) As the mycelium ages the walls become enormously 
thickened, sometimes with granular excrescences, and are 
greenish-brown The lenticular transverse septa show up well 
and very often longitudinal and oblique septa occur also (Fig 4) 
If only transverse septa are present, the hyphae appear as mom- 
liform chains (Fig. 3) In examining the central part of a 
month-old culture, it is found that these monihform chains tend 
to break up into bicellular portions with thick walls (Fig 5) 
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(d) The peculiar resorption phenomena noted by Lagerberg 
and Melm were also noticed, but no cases of such an extreme 
type as they depicted were observed This phenomenon consists 
of a thinning of the lateial thick walls of a pen lion of a hypha 
and the; loss of the cell contents m this region Jn paths whcie 
resorption phenomena occulted, it was found occasionally that 
the pait of the hypha which retained its cell contents spiouled, 
and from one of its ends a bianchlet grew which penetiated the 
outer wall of the old hypha (Jug, 6) 

( e) Coniothecium-like gtoups of cells often occur along the 
length of a hypha which is just commencing to thicken its walls 
These are little gioups of very thick-walled cells which extend 
out further than the diameter of the hypha m which they aie 
situated (Fig, 7) 

(/) On the surface of the cultuie little dark ciusts develop 
concentrically These appear to mark the situation of most 
abundant spore production, since on examination they are seen 
to consist of momliform chains of thick-walled cells which aie 
covered with spores, and inside this zone of crusts the moist 
white spore masses occur. 

3. Spore Production 

Spores are produced anywhere on the surface of the older 
thick-walled hyphae, thus forming a kind of palisade layer (Fig, 
8). Each spore is large, rounded at both ends, being either oval 
or with a slight pyriform tendency, and contains from one lo 
four oil globules at each pole (Fig. 9) 

Size.—Length, range from 5.1 to 17 0/a; average, 9 0 /a. 

Breadth, „ „ 2.5 to 5.9/a average, 3.8/x, 

Spores are occasionally septated 

4, Air Mycelium . 

This occurs, as already stated, only on cultures from older 
strains. It is generally brown, floccose, and not very abundant. 
The hyphae composing it arc thickish-walled and longicellular 
and become wefted together in ropey strands. 

Very often hyphae become enormously thickened—single, cells 
proliferating lo give large clumps. 

Lagerberg, &c., only note that these occur in wood, but 
probably their Coniothectum forms are the foremnncis of such 
clumps. 

5 Distnbution of the Fungus %n Wood 

In a transverse cut across a piece of infected timber, it is seen 
that the surface is stained, not uniformly, but in dark radial 
wedges tapering from the periphery to the heart. The border line 
between sap and heartwood was noticed because of the abrupt 
cessation of the stain at the inner limit of the sapwood (Fig 11). 
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On the tangential and radial surfaces of infected wood aie 
often found the dark crusts which are present m cultures In 
sections of the stained wood it is found that hyphae are most 
abundant in the rays, which appear as dark lines to the naked eye 

The, rays are found to be completely disorganized in many 
cases. Sometimes only the ray tracheids remain intact. The 
hyphae here are mostly of the longicellular thick-walled type, 
but may become brevicellular, and occasionally Comothecmm 
groups occur along their length Resin canals are usually nearly 
as full of hyphae as are the rays, and tracheids are also entered. 
Here they run a sinuous course and are sparingly branched. The 
hyphae appear to use the pits as the sole means of crossing from 
one element to another (Fig 12) Sometimes enormously pro¬ 
liferated hyphae like those present m the air mycelium are seen, 
in the resin canals and tracheids 

Lagerberg, &c, noted that spores were always very abundant 
m their sections I have scarcely ever found any spores 

(B) Ceratostomella spp 

1. Historical Outline of Ceiatostomellas causing sap-stain m 

Timber . 

In 1822, Fries(2) described Ceratostoma pihferum , which by 
later mycologists was not treated as a uniform species In 
1869-70, Fuchel(3) described four forms of this species affecting 
various trees, but it was not until 1878 that Hartig first connected 
sap-stain with fungi, and described a species causing blueing, 
which he thought might belong to Cerastostoma pihferum Fr. 
This species was therefore regarded as the specific blueing fungus 
until 1906. In 1878, Saccardo(lO) separated Ceratostomella 
from Cerastostoma because of its colourless spores, and m 1887 
the old C pihferum was put into this new genus by Winter(12). 
This species still included several forms within itself as it did 
originally. 

In 1903, von Schrenck(ll) described blueing of timber in 
North America as due to Ceratostomella ptlifera (Fr.) Wint 
Munch(7) m 1907 sorted out the confusion of blueing of timber 
m Germany and found the name, C. ptlifera (Fr) Wint., 
covered four separate species of Ceratostomella and one new 
genus as follows ~ 

(i) C. Pint. 

(ii) C, coerulea . 

(in) C. Ptceae. 

(iv) C. cana . 

(v) Endocomdiophora coerulescens , 

C. Pint was distinguished by the smallness of its perithecia, 
and the other three species of Ceratostomella can be separated 
by means of their comdial stage and other differences. 
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Endoconidiophora, with its Ccratostomclla -like petithecu, is 
characterized by its peculiar comdial stage 

At about the same time (1906) Hedgcock (5) had been in¬ 
vestigating the blueing fungi of Noith America lie retained 
the name C pihfera (Fr ) Wmt for a very widely disseminated 
species, and also descubed numerous other species of Ccrato- 
stomclla which were less impoitant from the blueing point of 
vie,w Comparisons of the species of Ccratostomclla of the two 
continents have not yet been undertaken systematically, and it 
is not known whether any of the European forms aie identical 
with any of the American ones, or, if they are separate, which 
European species occur m America and vice veisa Lagerberg, 
&c (6) note that m their experience with Swedish forms they 
have found that they may vary considerably, and they suggest 
that the species C capilhfera, pihfera, and Schrenkiana ate 
connected with C cocrulea 

2 Significance of C pihfera (hr,) Winter * 

In the attempt to establish the identity of Ccratostomclla sp 
Forms A and B, they were compaied with C cocrulea Miincb 
and C pihfera (Fr ) Winter, cultures of which were obtained 
from Baarn, Holland, the former originally deposited there by 
Zachs and Melm, and the latter by Rumbold Thete is some 
ambiguity m connexion with the latter species As it stands— 
C pihfera (Fr ) Winter—it should lepresent the old composite 
species before it was split up by Munch, but I have, regarded it 
as a single species, and cultural observations show that it is so* 
In this case it must be the C. ptlifera (Fries) Winter, described 
by Hedgcock in 1906 in his “Chromogenic .Fungi which Discolour 
Wood”(5), although measurements of the form in culture do 
not correspond very closely with those given by Hedgcock for 
the same thing, 

Lagerberg, &c, have noticed that a great deal of variation 
occurs in Swedish forms of Ccratostomclla This factor of 
variation may be tlic cause of disparity in this instance, since 
there seems to be no essential differences between the hum 
described, and the fouxi in culture, 

3 Results of Comparisons between C pilifeia (Fr,) Winter, 

C. cocrulea Munch, and Recently Isolated Forms , 

Results of comparisons between C pihfera (Fr,) Winter, and 
C cocrulea Munch, and the forms recently isolated—Form A 
from Somerville case stock, and Form B from Reclhill case stock 
—seem to support the view of Lagerberg, &c, expressed at the 
end of their historical outline on page 7, that C ptlifera and other 
American forms may be connected to C cocrulea t since m 
some characters Forms A and B appear to approximate, to 
C cocrulea, and m others to C. pihfera , 
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In general appearance, all four appear very similar, the mam 
difference being that m C coerulea, in contrast to the other three 
types, the thick-stranded erect hyphae are generally much bettei 
defined 

The two types of comdial fructification, viz .—(a) the so-called 
“ ear ” arrangement of Lagerberg, &c, in which the projections 
on the fiuctiferous hyphae from which the conidia have fallen 

GROWTH RATE CURVES 





2(p 33 jy 0 

growth in millimetres 

are likened to eais; and ( b ) Ccphalosponum -type (Figs 13 and 
14) in which conidia are arranged in grape-bunch clusters—occur 
in all four types, although it is found that the ear form which 
is most characteristic of C coerulea is also predominant in 
Form B, whereas m Form A it is the Cephalosponum-typz of 
fructification that one notices more especially. 

13823 - 3 
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The size of conidia m these foui types is veiy variable-— 
C pihfera, and Forms A and B (Figs IS and 1(>), .showing a 
veiy great range in length C cocrulca is moie conseivalive in 
this respect 

In shape, the penthecia of all foui types appeal similai -the 
yentei is piactically spherical, bill us neatly always ilattened 
basally The neck is long and smooth and a owned by cilia 
Penthecia of Foim B are occasionally seen with two necks This 
is noted by Lageiberg, &c , to be the case also with occasional 
penthecia in C cocrulca Difficulty wjs exponentcd in obhumiig 
measurements of penthecia C cocnilea consistently icfused to 
produce penthecia eithei on malt agai, pme and tonmieal media, 
starch media, or on pme blocks All measmements of this stage 
had, therefore, to be taken from Lageiheig, &c 'They note that 
old strains of C cocrulca often do not fniit in culture The same 
difficulty was experienced with C ptlifcui —-lhe lust few sub¬ 
cultures produced penthecia, but after that none appeared Fount 
A produced penthecia, but these most often did not reach 
maturity, maturity being taken as the time when the ascospores 
aie first discharged and remain suspended in an opalescent pale 
yellow droplet on the outsti etched cilia 

It is m the characters of the cilia (Fig. 18) that most of the 
differences appear to arise in C cocrulca , C. pihfcra, and Form B 
The first has veiy long cilia—35-100/x—and Iliac aio about 
twenty-four per neck Hedgcock gives no liguies for his 
C pihfera (Fr ) Winter, but m those observed by me in culture 
the range m length was from 9-24g. and the nuinbei per neck 
was about nine This seems to separate the two species, and yet 
m Form B, which shows characters of both, the length vaiies 
from 15-50^ and the number per neck, while, only nine (average) 
m culture, may reach thirty on wood, therefore bunging it into 
the province of both species. 

Comparisons of the growth rates of the four forms at room 
temperature, 19°C, and 12°C, show that they all grow at 
approximately the same rale (see, text-figure). 

Comparative Description op the Four Forms, 

1 Cultural Appearance. 

(a) C pihfera. —For a few days the colony is colourless, then 
the older parts become olive-green and a well-grown plate appears 
brown-black from beneath On the upper surface arise colourless 
erect stranded hyphae which bear dcndritically arranged conidia. 
This area of stranded hyphae may be confined to the centre but 
often extends further If only present centrally the rest of 
the plate is cottony-white with abundant comdia. Sometimes 
conidial production is much less and the plate remains brownish 
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-or blackish on top and faint radial ndges are visible on the upper 
surface A definite acid smell is noticeable in older cultures 
Hedgcock did not mention this latter fact 

(b) C coerulca —As given by Lageibe,ig, Lundberg, and 
Melm—" The mycelium forms a compact light-grey air mycelium 
which becomes a maze of filaments like wire-netting, and these 
fibies appear floury-white through the comdia Underside of 
plate is green-black Noticeable acid smell ” In culture some 
variations of the above description were noticed A well-grown 
colony appears deep green-brown with faint radial ridges 
Centrally there arise numerous stout white strands of hyphae 
which give forth branches, and these bear comdia These strands 
may attain a height of one cm The, rest of the plate may be 
covered similarly with these stranded hyphae or may be cottony- 
white with a felt of comdial-producmg hyphae as m C pihfera 

(r) Form A—Commences growth as a colourless mat which 
m older cultures darkens to a brownish-black, shading to olive- 
gieen near the edge of the colony Owing to a light dusting of 
comdia the upper surface often appears blue-giey Air mycelium 
as m the two last types may be m the form of strands, although 
this is tare Mostly it forms a cottony-white network on the 
sui face and bears numerous comdia. Sometimes comdial forma¬ 
tion is poor and the surface remains dry and faintly ladially 
ridged Older cultures often show thick, dirty-white patches of 
comdia centrally There is a definite acid smell 

(d) Form B—Shows similar characters to Form A but 
comdial production has always been profuse No occurrence of 
whitish moist comdial masses A definite acid smell is noticeable 

2 Hyphal Characters 

in all cases hyphae at the outer edge of the, colony are fine, 
hyaline, spai ingly-branched and straight-sided Further back the 
cells become claviform and brownish-green and are often rugose 

3 Conidial Production, 

(a) C pihfera —Comdia are produced on the aenal hyphae 
and on submerged hyphae The erect strands which arise from 
the surface of the plate consist of wefted hyphae These bear 
fine branching hyphae from their sides, and these m their turn 
bear densely-packed comdia On these superficial hyphae the 
comdia are mostly arranged m the so-called ear-shaped manner 
of Lagerberg, &c. The Cephalosponum type of arrangement 
is also seen where the comdia are arranged m grape-bunch 
clusters This type is mostly submerged Comdial production 
commences m two or three days 

( b ) C coerulea —Comdial producing hyphae completely clothe 
the erect strands Types of arrangement as for the last species, 



188 


A udrcy 71/ IIt kerslcv 


(c) Form A—Conichal arrangement as in the last two types. 
The Cephalosporiitm type of comdial auangement is especially 
common 

( d) Poim B —Comdial auangement as m the other tluee types 
The Ccphalospouum type of arrangement is not so common 

4 Comdial Size and Shape. 

(а) C pilifera —Comdia are elongated, loimdcd at both ends, 
but usually more pointed towaids the end of attachment laugei 
comdia show irregularities in outline very often. 

(б) C coerulca —Sinnlai to last type m size and shape, lmt 
without such a gieat lange m length 

(c) Form A—Similar to other types. Great lange m 
length (Fig IS) 

(d) Form B —Similar to other types. Great range in length 
(Fig 16) 


Dimensions in Microns (ft) 


— 

C pilifera 

1 0 coiruUa* 

Form A, 

Form B. 

Average length .. .. 

6 6 

5 

8 0 

9*7 

Average diameter . | 

2 3 

2 1 

2’7 

2*6 

Range in length .. , 

4-16 

2.5-10 

4*3-17 

3 0-17 

Range m diameter 

1*6-3 

2-2 6 

1 * 7-4 * 3 

1 * 7—4 * 3 


For C coerulea Ragerborg &o give length of oonidia as 5* 6-11*2 fX, 

diameter of oonidia aa 1 * 9-3 * 7 ft. 

For G pilifera Hedgoook gives length of oonidia as 8-12 /X. 

diameter of oonidia as 2-4 /x, 

5. Penthecial Formation in Culture . 

(a) C pilifera —Penthecia commenced to appear m a few 
days, first as globular light-brown to black cellular bodies without 
necks, but with long hyplial appendages, They are fully ripe 
within a fortnight. In all malt-agar cultures except the veiy 
first lot, penthecia have been absent (Fig. 20). 

( b ) C. coerulea —No perithecia were observed m cultme or 
on wood. According to Lagerberg, &c, in malt agar penthecia 
appear in about ten days, and m gencial appealance and develop¬ 
ment they are apparently similar to those of C. pilifera described 
by Hedgcock 

(c) Form A—Form A behaves very capriciously Sometimes 
no penthecia are produced, and sometimes they have appeared 
within twelve days, but none have ever reached maturity 
Immature penthecia are perfectly spherical, light-brown to black, 
Hyphal appendages spring from the whole suiface, and aic about 
15-50 p in length Most often they remain in this undeveloped 
state, but sometimes a neck is produced. 
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(d) Foim B—Each sub-culture has produced penthecia, at 
some times more abundantly than at others They do not occui 
m concentric lings, but often m isolated patches commencing 
from the centre of the plate They are fully developed m a 
fortnight Both m culture and on wood theie is a noticeable 
absence of comdial formation in the areas given over to the 
production of penthecia Immature penthecia are the same as 
m the Form A and C pihfcra 

6, Mature penthecia 

In genetal characters the mature perithecium is the same m 
all four types It consists of a somewhat globular black basal 
portion, which is slightly sunken into the surface of the medium, 
and it is attached by means of hyphal appendages The neck 
is long and slender, and tapers at the apex to about half its basal 
diameter It is black and smooth, and usually straight, but may 
be cuived, and small irregularities are not uncommon Just 
beneath the apex the neck pales to a brown coloui, and the top 
spreads out to form a varying number of coloui less cilia which 
support the spore diop (Fig 17) 


(a) Neck 

Dimensions 


— 

G pihfera 

G coerulea 

Form A 

Form B 

Neale — 

i 




Maximum length 
'Child— 

1 4 mm 

I 5 mm 

400-500 fl 

2 mm 

Number average 

about 9 

24 

about 9 

about 9 

Length average 

19 fl 

.. 


25 fl 

Length range 

9—24 fl 

35 7-100 fJL 

5-17 /x 

15-50 fl 


Measurements for Form A were taken from what were prob¬ 
ably immatuie penthecia 


(b) Venter 

{a) C pihfera ,—Practically spherical Ratio of length to 
breadth variable. Penthecia measured here were immature, 
since no cilia or spore drops weie visible Hedgcock states, 
u penthecia are somewhat flattened basally ” 

(6) C coerulea ,—Lagerberg, &c, note that penthecia were 
neatly spherical, but flattened basally 

(c) Form A—Ratio of length to breadth variable, but were 
mostly broader than long, and flattened slightly at the base 

( d) Form B—Generally flattened at the base, but may be 
.spherical or longer than broad 
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Dimensions in Microns (/*) 


— 

C jnlifcra 

C coerulca 

Form A 

Form 1 

Average length .. 

142 


101 

urn 

„ ciiamotor 

147 


107 

187 

Maximum length 


240 ; 

200 

250 

„ diameter 


288 

220 

| 280 

Minimum length , 


141 



„ diameter 


100 



HedgcocVs length 

100 




„ diameter 

180 

* 


* 


7 Ascospores (Fig 21) 

Ascospores, m every case, arc of the same shape—they have 
been likened to orange quaiteis by some authors. 

Dimensions in Microns(/*) 


— 

O pihfern ! 

C (Hwmlvti 

Form A 

Form B 

Average length ,. 

4 8 

3-7-4 7 

3 5 

4*5 

„ diameter 

1*7 

J 5-1 •(> 

1 *5 

1*5 

Hedgcock’s length 

5*5 



.« 

„ diameter 

2 5 

* 4 


* * 


In the case of Form B only weie asci obseivech As in the 
case of other species of Ceratostomclla, they weie slightly 
globular to pyriform m shape, and contained eight ascospoies 
Asci disintegrated fairly rapidly in watei. 

8. Penthecial Occurrence on Wood 

(a) C pthfera —Within three weeks after inoculation, 
penthecia appeared, but these remained stunted, and did not 
come to maturity 

(b) C coendea —Lagerberg, &c>, noted that, “on wood, 
perithecia take a month to become fully developed.” None 
appeared on the inoculated blocks 

(c) Form A—Penthecia commenced to appear within twelve 
days Were not very abundant, and only the lmmatme stages 
occuned—no necks were developed on the artificially infected 
experimental blocks. In natuial infections, penthecia are large 
and well-developed 

Venter—Average length, 220/*, average diameter, 200/*; 
maximum length, 230/*; maximum diameter, 210/* 

(d) Form B —Penthecia appeared m profusion on the arti¬ 
ficially infected blocks withm seven days, and weie ripe within 
three weeks. These penthecia are/on the whole, slightly larger 
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than those grown in culture, but the difference is practically 
negligible In these penthecia, the number of cilia pei neck may 
be much greater—sometimes using to 30 per neck 

9 Distribution of Hyphac m Wood 

In all cases (i e., in the fom types studied) hyphae are most 
abundant m the rays, which are often as completely disorganized 
as those affected by Hormoncma Hyphae are also seen m the 
resin canals to a less extent, and also m the tracheids, wheie, 
on the whole, they are filler m size 

Hyphae m rays and resin canals are mostly biowmsh, and 
rather thick-walled, often becoming rugose 

Penetration from element to element takes place by direct 
penetration and not by way of the pits This fact was also noted 
by Lagerberg, Lundbeig, and Melin (Fig 19) 

V. Discussion. 

The two Forms A and B isolated fiom Australian sap-vStamed 
timber would appear to be intermediate between the American 
and Euiopean species, and may foim a link between them 
Form A, m general appealance and number of cilia, is moie like 
C pthfera, but m size of penthecia it is closer to C cocrulea 
Form B, m general appearance, is sometimes like C pili- 
fera and sometimes very like C cocrulea Its penthecia 
m size are closer to those of C cocrulea, and are like those 
of this form, m that fwo necks occasionally occur The 
average number of its cilia brings it close to C pihfera and away 
from C cocrulea, and their range m length brings it sometimes 
into the province of C cocrulea, and again away from it It 
seems that there is no constant difference between C pihfera 
and C. cocrulea 

If the European and American fungi do not belong to separate 
species (and oui obseivations lead us to think they do not), then 
C. pihfera (Fr ) Winter should be lelegated to synonymy, as 
Munch has shown that this old name really included a complex 
of forms, which he referred to as the pilifera group , so C. cocrulea 
Munch should be used for the form under discussion m prefer¬ 
ence to C pihfera (Fr) Winter, 

VI. Summary. 

Two forms of Ccratostomella infecting P radiata are 
described, which appear to form a link between the American 
C pihfera (Fr ) Winter and the European C coerulea Munch 
It is suggested that the two latter forms are really variants of 
the same species, which should be known as C coerulea Munch. 

Hormoncma dematioides Lagerberg and Melin is also described 
from blue-stained P radiata case stock 
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Explanation of Figures 1-21. 

Fig 1 Young hypha with straight sided walls and lenticular septa 
(X 1000) 

Fig 2. Older hypha with rounded outer walls W—lenticular wall of 
transverse septum (X 1000 ) 

Fig 3 (a) enormously thickened walls (b) additional septations which 
have occurred. (X 1000.) 

Fro 4 Moniliform chains of cells (X 600) 

Fig 5 Bicellular portions of hyphae which are found m the oldest part 
of cultures 

Fig 6 (a) portion of a hypha where resorption phenomenon has occurred 
( b ) a branchlet which is growing out from the still living cells 
of the hypha, through the old wall ( X 1000 ) 
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Fig 7 Diagram—X about 1000 c— Como thee n/m-body situated mi hyphae 

Fig 8 Spores arising directly oil hyphae 

Fig 9. Spores, occasionally septated showing oil globules at poles 

Fig 10 Diagram s—sapwood h—-heartwood sli—junction between sap 

wood and heartwood whue the staining ceases abiuptly x—• stained 
sector of sapwood, 

Fig 11 w—wall of medullary ray p—pits m ray walls tinough which 

hyphae are passing r—xugose thickened wall of hypliae. 

Fig 12 Ear-like fructification, Foim B Diagiam (X about 1000) 

Fig 13 Form B— Cephalosponum type of fiuctification 

Fig 14 (a) and ( b ) CcphalospotMvi type of fiuctification (c) Contdio- 
phore from which the comdia have fallen Foim A 

Fig 15 Comdia of Foim A (X 1000). 

Fig 16 Comdia of Form B (X 1000), 

Fig 17. Diagram of a typical perithecimn which might have been pi educed 
by any one of the four forms (X about 105.) 

Fig 18 Form B—neck apices with cilia (X 1000.) 

Fig 19 t—traclieid wall h—hypha penetrating wall (X 1000.) 

Fig 20 Immature penthecia which might belong to any one of the four 
types Diagram, 

Fig. 21 Form B (a) ascus containing aseospoies (h) ascosputcs. 



Lower Cretaceous Brittle-star 


195 


[Pkoc Roy Soc Victoria, 46 (NS), Pt II, 1934] 

Art XV —A Lower Cretaceous Brittle-star from Queensland 
By FREDERICK CHAPMAN, A L S , F G S 

(Commonwealth Palaeontologist) 

(With Plate VII ) 

[Read 9th November, 1933, issued separately 7th May, 1934 ] 


Introduction. 

The following description is based on a well-preserved fossil 
biittle-star on the fractured faces of a bore-core obtained at 
Cleeve, near Longreach, Queensland 

The boring was put down by Oil Seaich Ltd, and was in 
charge of Mr. J F Fostei, who took especial care to preseive 
the fossil, and after whom it is named, 

Description. 

Sub-phylum ASTEROZOA 
Class OPI-IIUROIDEA 
Family OPHIACANTHIDAE 
Genus Ophiacantha Mueller and Troschel 
Sub-genus Ophioglyphoida, nov 

Note on the Sub-genus—The genus Ophwcantha, sensu 
stnctOj has the disk formed of small plates and clothed with 
imbricating scales A fundamental distinction of the present 
form is the distinctly platy structure of the disk, here exhibited 
on the oral side, showing a mosaic of more or less angulated 
pentagonal elements as m Opluoglypha 

Ophiacantha (Ophioglyphoida) fosteki, sub-gen 
et sp nov 

Description of Holotype—Specimen showing oral face of the 
disk, which is roundly pentagonal and somewhat petaloid. Roof 
covered with small pentagonal plates, visible on the denuded 
under surface Diameter of disk, 6mm The teeth attached to 
the jaw-fiame are short and bluntly pointed, whilst the mouth- 
shield itself is well-preserved. The sharply pentagonal border, 
showing the track of the nerve-ring, is also clearly seen on 
moistening the surface of the fossil, 

Arms,—Of the five arms one is complete, and the four 
remaining, nearly so, whilst the bases or proximal portions are 
m place Length of arms, circ 32 mm , diameter of arms, 
without spines, at junction with the disk, 1,6 mm., full width 
with spines, 3 mm 
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The vertebial ossicles aie somewhat elongate m the direction 
of the aims, constricted in the middle, fossetted on the inner 
margin, and gently concave on the outer Height of vertebial 
ossicle, fifth from disk maigm, 0 47 mm.; width, 0 41 mm 
Adambtilacial plates of the aim short, rectangiilai, healing on 
the otitei surface fiom two to three long, slendei, gently 
recuived, and thorny spines, directed (list ally. Aveiage width 
of adambulacral, 0 2 mm 

Observations-—The chatacler of the thorny spines and the 
existence of rectangulai adambtilacial plates, taken m conjunc¬ 
tion with other structural featuies, suppoit the tefeience of this 
fossil to Ophiacantha It is of giTat interest to note that this 
living genus has at least persisted fiom Mesozoic times, and that 
it is still most abundant m the Pacific and Past Indian regions 
(Clark, 1911, and Koehler, 1922). There is little doubt also 
that many of the recorded ophiuroids of Mesozoic stiata from 
the Triassic onwards, such as Ophtoderma cgerloni of the Upper 
Lias (probably a Pectmura according to Lyman), may belong 
to genera still living. Ophtolepis leckcnbyi with its surface 
tuberculation of the disk, from the Oolite, has been compared to 
Ophioglypha by Lyman (1882, p, 327), That author also states 
(op at, p 327) that “ fiom the Trias upwaicl theie is nothing 
unfamiliar m the look of the ophiuratxs " 

A Lower Cietaceous ophiuran has been described from the 
Grayson formation of Texas by C I. Alexander (1931, pp. 152, 
153, woodcuts Fig 1, PI xx, Figs 19, 20), as an Ophioglypha „ 
which does not, however, shotw any preservation of the slioit 
delicate spines seen m the living forms of the genus Ophiacantha 
as a Cretaceous genus does not seem to have been definitely 
recognized, although its probable occurrence m the earlier Idas 
formation has been suggested by Lyman (1882, p. 328), 

The genus Ophiacantha (0 hcieroiyla) is found living as far 
south as Tasmania It is especially abundant in the Fast Indian 
and Philippine aieas as well as in the Pacific. 

Locality of Holotype —Fi om No 2 Bore, Gavin's Anticline, 
Cleeve, near Longreach, Queensland, at a depth of 519 feet, 
(Commonwealth Coll No 62.) 

Horizon -Dark-grey carbonaceous mudstones. Probably in 
the Tambo Series (Albian), Lower Cretaceous. 

Note on the Boie Horizons—At 447 feet, oi 72 feet above 
the ophiuran horizon theie occur the following fossils:— 
Aucelhna meurva, Syncyclonema sociahs, Lcnliculina rotulata > 
and L subalata , with the ostracod' Cytheroptcron concentricum 
(a Cretaceous species well known in England and Europe), The 
first two bivalved shells point to a Tambo fauna for the over¬ 
lying beds The ophiuran bed, with plant remains, indicates a 
horizon probably near the base of the Tambo series. 
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Explanation of Plate VII. 

Fig 1 -—Ophuuantha ( Ophioglyphotda ) fasten, sub-gen et sp nov Holo- 
type. On Core from No. 2 Bore, Cleeve, near Longreach, 
Queensland X 2 

Fig. 2.—Ditto Paratype (Counterpart of same core) Matrix showing 

abundant plant fragments X 2 

Fig 3,—Ditto. Magnified arm showing opposed arm ossicles with spines 
Holotype X 11 

Fig. 4.—Ditto. Magnified thorny spines attached on right to ambulacral 

ossicles Holotype X 14- 



200 


W J Hams 


[Proc Roy Soc Victoria, 46 (N.S ), Pr IT, 19341 
Art XVI —The Eastern Boundary of the Bendigo Gold-field 
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Introduction, 

The existence east of Bendigo of beds higher than those ot 
the central or gold-fields area has long been known, or at any 
rate surmised E J. Dunn(l) gave a geological plan on which 
a central u favorable area ” is shown surrounded by a “ No 2 
area” of overlying locks, and outside this a still higher “No 
3 area, either non-auriferous or but slightly so” Heiman(2) 
criticized Dunn's interpretation of the structure of the field, and 
showed, incidentally, that portions of the No 3 area are lower, 
not higher, than the central poition 

In 1924, A T Woodward (vide Hams(3) ) discovered 
Darriwihan graptohtes east of Bendigo, and I was led to examine 
the area m some detail It was at once evident that at one 
point at least the boundaiy between Dunn's No 2 and No 3 
areas east of Bendigo marked an important stratigraplucal break, 
and an attempt was made to obtain furthei infoimation north 
and south of this point. Several successful tiaveises were made, 
enabling a boundary line to be plotted for a distance of about 
14 miles. It is possible that fuither work may extend this 

In this work I received eveiy encouragement from Mr. W. 
Baragwanath, Secietary for Mines, and assistance from the 
Bendigo Branch of the Geological Suivey, then in charge of 
the late Mr H. S Whitelaw While my woik was m progress, 
Mr, J Caldwell, of the Survey staff, was engaged on an area 
which included part of the district that I was studying I [is 
work enabled a more comprehensive account of the stiucture 
of the whole district to be given, and m the portion nearer 
to Bendigo, with which I was mainly concerned, it served as a 
check on my earlier observations, except m one of the described 
sections, where Mr Caldwell's mapping fills m an important gap 
m my records, I had the opportunity of visiting many parts of 
the district with Mr Caldwell, identifying the numerous 
graptohtes he collected and indicating the zones represented. 

In addition, I have had on many occasions the pleasure of 
the company m the field of Messrs, P Tilson, of the Echuca 
Technical School, and D, E. Thomas, of the Geological Survey 
of Victoria 
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Traverses across the Boundary. 

(a) Emu Creek Water Race 

The most southeily observations were made in the south¬ 
west of the Parish of Strathfieldsaye Plere the meanders 
of the Emu Creek No 2 watei race of the Victorian Water 
Supply Commission expose numerous graptolite beds The 
only part relevant to the present discussion is that between 
the Emu Creek Church of England (allotment 30b of 
section III ) and the south-west corner of the parish 
From the church southward the race cuts through almost 
continuously fossihferous beds till it reaches the boundary of 
the State forest These beds all belong to the upper part of the 
Darnwilian, but a troublesome cleavage makes an exact account 
of their fauna difficult As the lace is followed southwestward 
the last Darnwilian outcrop occurs neai a series of low brick 
falls m the race Then upstream for about 20 chains one crosses 
a flat with no lock exposures When rock again appears m the 
channel walls it is no longei soft-pink oi purple crushed shales, 
but hard brown or greenish micaceous shales and sandstones 
Lithologically these beds would be placed lower, and this is 
corroborated by the finding of a solitary specimen of Tetra - 
graptus fruticosus (4-br) about half a mile west of the falls. 
The brown shales and sandstones continue, and m the extreme 
south-west of the parish Bendigoman beds can be recognized 
with certainty, Tetragraptus fruticosus (3-bi) and Phyllograptus 
being found 

(b) West of Strathfieldsaye Township 

This section is a short distance to the north of the 
one just described, and for it I am indebted to the work 
of J Caldwell, which I quote with the permission of 
the Secretary for Mines On the western boundary of 
the Parish of Strathfieldsaye, about 1| miles from the north¬ 
west corner, Upper Darnwilian graptolites occur in broken 
material thrown out from shallow alluvial shafts They 
can be traced to the eastward, and one of the best exposures is 
the surfaced area near the north-west corner of allotment 3 of 
section XIX, marked A196 on Caldwell’s plan. Less than 60 
chains to the south, and, therefoie, much closer across the 
dividing line,, running a little to the west of north, Lancefieldian 
graptolites ( Bryograptus) occur Similar fossils are found 
further south, and again Upper Darnwilian graptolites occur 
within a mile to the east of them The actual line of demarca¬ 
tion passes across soil-covered flats, but its general direction is 
obvious* Still further south, m allotments 5 and 6 of section 
IV, Caldwell has found Bendigoman graptolites, showing that 
the Lancefieldian belt is narrow and about half a mile wide My 
own observations lead me to believe that it narrows still further 
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as it is traced south, but the evidence of a single Tclragraptus 
fruttcosus found m situ along the Emu Cieck race is insufficient 
to wan ant a definite statement 



Scale, 20 Chains to I Inch 



Scale , 20 Chains to I Inch 
Fig 1 


(c) Mclvor-road and Heathcote Railway (Fig, 1), 

The Mclvor-road leads east from Bendigo towards Axedale 
and Heathcote, and, like the Mount Alexiander-road further 
south, preserves the name of the once famous gold diggings, on 
which the township of Heathcote aiose. For its whole length 
it is closely followed by the railway, so that road and railway 
give practically the same section. Leaving the closely settled 
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city area of Bendigo, one goes eastward ovei rising ground along 
the slopes of which runs a watei race shown on old maps as the 
“ Spring Gully Aqueduct ” Along this race and east of it Lance¬ 
fieldian graptohtes may be gathered, including Tetragraptus 
approximates and T decipicns The locks are predominantly 
brown sandstones and shales, the lattei with the somewhat 
satiny gloss often characteristic of the older beds Further east, 
graptohtes are hard to find, but a few distinct forms were dis¬ 
covered north-west and east of the Grassy Flat Reservoir No 
2 North of this, the road passes through a cutting which, 
though shallow, fortunately shows a continuous section along the 
south side of the road When the road cutting ends the section 
is continued by a storm-water channel With breaks, the channel 
and the railway cuttings carry the section eastward for 3 miles 
This is the most satisfactory section m the district The brown 
shales just mentioned are not fossiliferous m their most easterly 
extension, but can be tiaced westward to Lancefieldian graptolite 
beds as already stated Their dip is uniformly to the east, and 
they end abruptly, being succeeded on the road by 10 feet or so 
of ferruginous rubble, immediately east of which is a thin band 
of flinty quartz fragments, probably representing as nearly as 
can be determined the actual break m the country Then come 
crushed and shekensided soft pink and purple shales, m the 
fragments of which, even close to the break, fragments of 
graptohtes can be, distinguished As these shales become less 
shattered, they are seen to be richly fossiliferous, and for over 
a mile and a half every favorable band—some of considerable 
width—yields nothing but high Darnwihan (D 1) graptohtes in 
the piofusion so characteristic of this horizon To complete 
the section, it may be stated that the highest beds pass through 
transition beds to D 2 and then to D 4, a bed repeated after a 
considerable interval Still further east the beds descend 
through the Castlemaiman to Bendigoman and Lancefieldian 

(d) White Hills and Epsom 

Noith of the Mclvor-road section is an area of countiy 
unfavorable for detailed woik, but the continuation of the line 
was picked up just north of the Bendigo city area The bed¬ 
rock, where exposed m the railway cuttings at White Hills, is 
almost certainly not Darriwihan, but just outside the city 
boundary the characteristic blue and purple shales are shown 
among the debris from old alluvial shafts, now filled in, between 
the Echuca road and the railway Across the Bendigo Creek to 
the west is the old spoil heap of a mine oil the Isabella Reef 
The change m the nature of the sediments is most stnkmg The 
alluvial shafts yield, from material weathered almost to clay, 
the characteristic D 1 forms The brown shales of the reef mine 
are unfossihferous, but after an intensive search Tetragraptus 
decipiens, Clonograptus , Bryograptus , and Phyllocands were 
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tound m thin black pat tings, demolish at mo the Lanceheldian 
age of the beds The distance between these two beds is about 
half a nule, but the line is even more closed) mailced by the 
finding of Darnwihan giaptolites in or neat allotment 46 of 
Epsom 

(r) Huntly 

As one woiks noith from Bendigo, the ldief of the aica 
becomes less pronounced, and lock outuops ate less frequent. 
Where shales do occur, they are often so bleached that all hates 
of giaptolites are obhteiated The Bendigo Cieek also meanders 
hcie through wide silted fiats Foitunately, the com sc of the 
Huntly Deep Lead is moie 01 less coincident with the valley of 
the Benchgo Cieek, and numerous spoil heaps show the typical 
puik and puiple shales Badly weathered as is the matenal 
it raicly disappoints the seaichei for fossils, provided he is 
mdiffcient as to state of presetvation The lowet ot Lance- 
fielchan rocks provide a mat keel contiast, but foitunately 
graptolites, though very rare, are not entirely absent The most 
northern lme of section was urn "west fiom Iluntly township 
At the Huntly Railway Station, and just noith of the township, 
lower and middle Darnwihan giaptolites may he obtained ft am 
numerous bands (D 5-D 3) Southwest of the township, m 
allotment 8 of section XXIX, lughei beds occut (piobably 
D 2-D 1), and the occunence m close proximity of slabs, some 
of which split along the bedding and some almost at right angles 
to it, would seem to indicate that the beds are closely folded 
Still fuither west, W Kingston, of the Bendigo Geological 
Survey Office, collected typical D 1 graptolites, while from thin 
partings of feriugmous shale near the Wallace Reef 1 was 
fortunate enough to collect Clonograpius and Bryographts, 
indicating that as fai north as this the Lancefieldian abuts on 
the Upper Darnwihan, 

This last locality is just on the edge of the f< Whipslick ” or 
Mallee belt, into which the beds have not yet been traced 

Summary of the Evidence of the Sections. 

When the results of the above five sections are plotted on 
the map (Fig, 2), it is seen that the dividing lme between high 
Datnwilian beds to the east and Lancefieldian beds to the west 
(possibly Bendigonian m the south-west) is an almost straight 
line bearing about N 15° W and traceable foi 14 miles or more 
Evidence from the Bendigo area on the west and the Axedale 
ai ea on the east shows that Bendigonian and Castlemainian beds 
were deposited throughout the whole district, and that the 
succession is normal. Herman's estimate (pp 12-13), based on 
the palaeontological work of R A, Keble, gives the thickness 
of the incomplete Castlemainian in the Bendigo area as 3,300 feet 
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measured vertically, but the evidence for this cannot be regarded 
as conclusive Herman's estimate (also based on Keble's work) 
for the thickness of the Bendigoman vertically is 5,400 feet, and 
may be accepted as being as nearly accurate as the weighing of 
a considerable amount of evidence by the palaeontologist best 
acquainted with these beds would permit The thickness of the 
Darnwilian east of Strathfieldsaye has not been measuied, but 
may peihaps be taken as being as gieat as that given above for 
the Castlemaiman Assuming these thicknesses, and knowing 
that the highest Darnwilian abuts on beds which are almost 
certainly not the highest of the Lancefieldian, the thickness of 
missing beds would appear to be over 12,000 feet measured 
vertically, or peihaps 5,000 feet measured at right angles to the 
dip The only practicable explanation of this seems to be 
faulting, and I vould suggest the name u Whitelaw Fault' 5 for 
the feature, peipetuating the name of a family whose work on 
Victorian gold-fields was outstanding, and particularly of the 
late H S Whitelaw, who was, at my request, the first to show 
any portion of the fault line on a plan The direction of the 
fault is practically that of the stiike of the rocks 

Comparison with Dunn’s plan shows that while at first sight 
it appeared that the fault coincided with his boundary, this was 
due only to the fact that the fault was first noted at the only 
point where there was any coincidence—on the Mclvor-road 
North and south of this, Dunn's line and the fault do not 
appioach each other 

The most striking comparison is with the Muckleford Fault 
described by Harris and Thomas(4) This, like the Whitelaw 
Fault, has a direction practically coincident with the strike of 
the bedrock, and separates Lancefieldian beds on the west from 
Darnwilian on the east, though the Darnwilian beds east of 
Bendigo are higher than those along the Muckleford Fault In 
both cases the line is important as separating an area m which 
reef gold-mming has been successfully earned on from one in 
which no great discoveries have been made 
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Art XVII — On the Occurrence of the Pelecypod Genus Miltha 
m the Australian Tertiary 

By F A SINGLETON, MSc, 
and NELLY HOOPER WOODS, M A 

(With Plate VIII) 


LRead 14th December, 1933, issued separately 7th May, 1934 ] 


Introduction. 

One of the most striking fossils among the Tertiary mollusca 
from the, Abattoirs Bore, near Adelaide, South Australia, con¬ 
sists of fragments of a large and exceedingly thick bivalve shell 
of Dosmid appearance, recently described by one of us under 
the name of Dosinia grandis The present authors, after fuither 
examination of the type material and of some additional speci¬ 
mens from the same locality collected by Mr F A Cudmore^ 
are of the opinion that it is better placed m the Lucinoid genus 
Miltha , being referable to the subgenus Milthoidea, recently pro¬ 
posed by Marwick for two Tertiary species from New Zealand 
Tate's record (1890, p 174) of Miltha from a similar horizon 
m the Dry Creek Bore possibly refers to the present species, 
which is the only one of the genus as yet described from 
Australia. 

The, difficulty in recognition of its true affinities is due to the 
fragmentary nature of the material, and it may be noted that 
an incomplete shell from a boring on Flinders Island, Bass 
Straits, submitted to the senior author by Mr P B. Nye, and 
herein described as a subspecies, also bears a deceptive resem¬ 
blance to a depressed Dosmia such as the North Australian 
D. lamellata Reeve or D plana Reeve from China 

Our best thanks are due, to Mr Cudmore for the loan of his 
topotypes, to Mr Nye, BME, Government Geologist of Tas¬ 
mania, for permission to describe the Flinders Island specimen, 
and to Miss J Wilson-Smith for her excellent photographs of 
a difficult subject 
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Family LUCINIDAE 

Genus Miltha Pi and A Adams, 1857 

Lucina ( Miltha) PI and A Adams, 1857, h., p. 468 (Apr), 
Lamy, 1920, p 119 Grant and Gale, 1931, p 291 
Phcuoidc s ( Miltha ) Ii and A Adams. Dali, 1901, p. 806, ami 
1903, p 1361 

Milthaj PI and A Adams Woodring, 1925, p. 115 

Type (by monotypy) Lucina childrcm ((hay) Tcllina 
clnldrem (Gray), 1825 'Recent, Biazil 

“ Shell ineqiiivalve, with the smface of the valves nearly 
smooth Hinge with the lateral teeth obsolete ” (II and A, 
Adams ) 

“ Shell large, thick, ovate, compressed; umbos low, acute, 
lunule veiy small, deeply depressed, anterior and posterior 
dorsal areas poorly defined, sculpture consisting of exaggerated 
mcrementals and obscuie tiaces of radials, ligament and icsilmm 
external, wide, long, hinge of light valve consisting of a luuiow 
anterior cardinal (3a) and a heavy obscurely bifid posterior 
cardinal (3b) , hinge of left valve consisting of a heavy obscurely 
hificl anterior cardinal (2) and a nairow posterior caidmal 
(46) , anterior adductor scar veiy long.” (Wooching.) 

Subgenus Milthoidea Mai wide, 1931. 

Miltha (Milthoidea) Marwick, 1931, p 70. 

Type (by original designation) Miltha neozelantea Marshall 
and Murdoch, 1921 Pliocene, New Zealand. Ktguted by 
Mai shall and Murdoch, 1921, pi 16, figs 1, 2, and pi 17, fig. 1. 

“ Shell similar to Miltha, but having the posterior wing well 
developed and the long anterioi muscular impiessnm adjacent to 
the pallial line. The lunule, though small, is deeply excavated 
and tends to obliterate the right antenor cardinal The attach¬ 
ment of the ligament is relatively broadly triangular, and diffets 
markedly from that of Peeve’s figure of ii/. childrcni (Conch. 
Syst, 1841, pi. 59, fig. 2)T (Marwick ) 

Miltha (Milthoidea) gkanws (Hooper Woods, 1931). 

(PI, vnx, figs, 1-3.) 

Dosima grandis PL Woods, 1931, p, 148, pi. 7, figs. 5, 6. 

Shell large, solid, subcircular, gently convex, umbo proao- 
gyrate, acute,, lunule small, deeply impressed; sculpture 
dominantly concentric, of closely but irregularly spaced fine 
raised threads, more prominent posteriorly, with intervening 
concentric striae, crossed by microscopic radial incised markings, 
visible only upon magnification, which are irregular and dis¬ 
continuous, and commonly unite and bifurcate, This gives rise 
in the umbonal region to a fimbriate ornament, with the bifur¬ 
cations usually directed urabonad, towards the ventral margin 
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the radial sciatchmgs, which cross the concentric thieads, form 
a sectmate ornament, in both cases this is to be seen only under 
a lens 

In addition to the fine ornament, obscure hneations from the 
umbo to the ventral margin form cuived radii which are concave 
anteriorly Approximately medially there is also a very shallow 
ladial sulcus, about 44 mm wide near the vential bolder, the 
finer concentric stuae becoming somewhat irregulai and oblique 
when crossing it Traces of a posterior sulcus are present 
below the post-umbonal dorsal margin 

Hinge plate, broad and heavy, anteriorly shallowly excavate, 
posteriorly bearing an elongate hgamental gioove and an 
obliquely triangular roughened area foi attachment of resilium 
Right valve with a prominent narrow antenoi cardinal, grooved 
on the posterior side, and a broad somewhat bevelled posterior 
cardinal, having a tendency to become bifid, separated by a 
deep pit for the reception of the left antenoi cardinal, the 
latter is long, narrowly triangular, and weakly bifid, posterior 
to which is the deep pit for the right antenor cardinal, followed 
by the elongate left posterior cardinal The anterior caidinal 
teeth tend to become, effaced by a backward prolongation from 
the deeply indexed Ittnule 

Adductor scars very large, deeply impressed, the antenoi scar 
very long, ovate, and finely transversely striate, the posterior 
scar much smaller and longitudinally striate, inner ventral 
margin broad, weakly crenulate, pallial line entire 

About half the considerable thickness, 6 mm , of the shell is 
due to a secondary layer of chalky texture, which is distinctly 
punctate as in the Recent Codakia punctata (Lmne) 

Umbono-ventral diameter of largest fragment circa 61 mm 

Type Material—Five syntypes, of which three are frag¬ 
mentary left and two right valves, m the Tate Museum, Adelaide 
University Geology Department 

Type Locality—Between 400 and 500 feet m the Abattoirs 
Bore, Dry Creek, near Adelaide, South Australia Horizon un¬ 
certain but probably late Tertiary* 

Topotypes m the private collection of Mr F A Cudmore 
compnse portions of two right valves and one left valve, which 
show a few additional features In one the remarkable thick¬ 
ness of 11 mm is attained, of which 8 mm is due to secondary 
thickening, across which, m a second specimen, a deep gioove 
runs obliquely from beneath the umbo past the anterior margin 

* Since the paper was read, Mr L W Stach has shown one of us^ (F A S ), an 
imperfect right valve t measuring 39 mm m height, from the Kalimnan (Lower 
Pliocene) of Beaumaris, Port Phillip, Victoria It is a Mtlthotdea closely allied to 
M giandis, but definite identification with it is not made, since what remains of the 
post-umbonal margin is more curved, and internal thickening of the shell is wanting. 
It is less depressed than the Flinders Island shell 
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of the posterioi adductor scar This groove is not always pre¬ 
sent, but there are traces of a second trending tow aids the tip 
of the anterior muscle scar, as is sometimes seen in C odakia 
fnmctata Anoihet fiagmcntaiy specimen shows the long 
antenor seal to be entirely within the pallial line,, though closei 
to it than is usual m the Luamclae 

The species is evidently a neai 1 dative of M, ncotsdanua , the 
type of the subgenus MtUhoidea , but dilteis m the cieixulalion 
of the inner margin and m the crassness of the Austiahau shells, 
which are too fragmentary for closei compatison. 

The associated molluscan species arc numeious but somewhat 
puzzling, they appear to indicate an admixture of faunas 
extending from the Lower Aldingan (Janjukian) through Upper 
Aldmgan (Kahmnan) to possibly still later, or langing from 
Ohgocene or Miocene to Pliocene 01 youngei it is piobable 
that several horizons are lepiescnted by the mateiial dumped 
beside the bofe, but the state of presetvation and nature of the 
matrix appear uniform throughout, so far as can lie judged 
The mollusca aic being wmked out by the junior author, who 
has already listed the pclecypods (Woods, 1931) 


MlLTIIA (MlLTHOIDEA) GRAND1S FLINOERSXANA, Sllbsp UOV 
(PI VIII., Fiff 4 ) 

This is founded on portion of a somewhat worn tight valve 
which is probably conspecific with the South Austiahan speci¬ 
mens, with which it agrees m ornament and m hinge chaiacters, 
though the teeth are less strongly developed 

The median radial sulcus is piactically obsolete, but the 
narrower postenoi sulcus is prominent. The mtenor shows 
the elongate anterior adductor scar, but lacks the cliaiacteristic 
secondary thickening of the larger shells from the, Abattoirs 
Bore, a difference perhaps due in part to age, It is also more 
depiessecl at all stages 

Length, circa S3 mm (estimate); height, ciica SO mm ; 
thickness of valve 7 mm,; of shell, 2\ mm. (max,), 

Type Material—TIolotype in the collection of the Tasmanian 
Geological Suivey, Mines Department, llohait, Tasmania. 

Type Locality,—Between 55 and 80 feet in No. 1 Boie, Win- 
garoo, Flinders Island, Tasmania. Horizon probably very late 
Tertiaiy or post-Tei tiary 

The associated mollusca, which have not yet been studied, 
appear to be for the most part of still existing species, so that 
a late Camozoic age is suggested. The, conchological and geo¬ 
graphic differences, as well as a probable difference in horizon, 
make separation as a sub-species the safest course, at least for 
the present 
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Miltha. Tertiary, Australia. 
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The Occurrence of Miltha 
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Explanation of Plate VIII. 

(All figures approximately natural size ) 

Fig 1 —Miltha ( Milthoidca ) grandis (H Woods) Syntype, left valve 
(a) mterioi, ( b ) extend 

Fig 2 —M t/randis Syntype, right \abve (a) interior, ( h ) exterior 

Fig 3 —M grandis Syntype, interior of left valve 

Fig 4— M. grandis fhndcrstana , n. subsp Holotype, right valve (a) 
mlerioi, ( b ) cxleuoi. 


13823-4 
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Art XVIII— The Isolation of the Organism iditsvnj Cnmm 
Gall on Almond Tices in JGeiona 

By 13 J, GRIEVE 

(Botany School, Umveisity of Meibom no ) 

(With Plate IX ) 

[Read 14th Deceember, 1933, issued sepanilely 7tli M.iy, 1934 | 

So fat as can be ascertained a pathogenic oigamsm has not 
definitely been described as the cause oi galls on flint tiecs m 
Australia, although such galls are commonly known as Gown 
Galls and are attributed to Bacterium tumefauen ? Sm and T 
(1, 3) The object of this note is thus to put on iccoid the 
isolation and identification of the organism causing Gown (Jail 
in Australia 

Galls found occurring on Almond trees at Eldorado m Vic 
tona were sent to the author by Mr Adam, of the, Victonan 
Department of Agriculture Isolation experiments were carried 
out and an organism isolated m pure culture which, on inocula¬ 
tion into the stems of healthy Almond plants, was capable of 
producing the typical gall formation 

Distribution of the Crown Gall Disease in Australia. 

Although the isolation of the organism from Crown Galls on 
fruit trees was made from affected Almond trees ill Victoria, 
it may be safely set out that galls occurring on fruit trees in 
the various Australian States are due to Bacterium tumefacicns r 
Crown Gall has been recorded as occurring 'in most of the Aus¬ 
tralian States, It appears particularly to attack Pear and Peach 
trees in New South Wales(l, 2), and Peach, Pear, Plum, and 
Almond trees in South Australia(3), It has been found 
occurring on Almond trees m Victoria and on Hop plants in 
Tasmania 


Isolation Experiments. 

Advantage was taken of the improved technique of isolating 
the Crown Gall organism as described by Hiker(4), and by 
Robinson and Walkden(S) Fifteen suggestive colonies were 
selected from the plates resulting from isolation experiments 
from Almond tree galls, these, colonies were subcultured, and 
after the, organisms were found to be m pure culture, inocula¬ 
tions were made into various young and rapidly growing plants 
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Five of the cultures used were demonstrated to be virulent, 
pioducing quite large galls on a number of hosts, namely, 
Almond, Peach, Hop, Castor Oil plant (PI IX , fig 1), Tomato 
(fig 2), and Sunflower (fig 3) The same organism was re- 
lsolated in pure cultuie fiom the galls which had been experi¬ 
mentally produced on the plants named above 

Description of the Causal Organism. 

Morphological Characters 

The organism is a small rod-shaped bacterium, measuring 
from 0 9 to 1 6^ m length, and 0 4 to 0 5 /a m diameter It occurs 
singly or in pairs, and is motile by one to two polar flagella 
Neithei spores nor capsules have been observed It is Gram 
negative and not acid fast 

Cultural Characters 

All cultures weic incubated at 25° C unless otherwise noted 
Beef Agar Plates—Suiface colonies develop within 64 horns, 
and finally leach a size of from three to four millimetres The 
colonies are circular, white, at first translucent, later becoming 
rather opaque with a translucent margin The edges of the 
colonies remain regular 

Beef Agar Slope, pH 7 —Growth is moderate, raised, moist, 
wet-shimng, regulai to slightly undulate-edged No odour is 
produced 

Gelatine Plates —The plates were incubated at 20° C 
Colonies appeared within 64 hours, being small, round, white, 
and legular-edged The colonies were translucent at first, latei 
becoming opaque white 

Gelatine Stab—A whitish, moist, spieadmg growth occurred 
at the surface Giowth continued m the depth for two centi¬ 
metres, and was filiform m character No liquefaction occurred 
Gelatine Slope —Growth on gelatine slopes was whitish, 
wrinkled, somewhat dull, and the edges were irregular 

Beef Bouillon—The organism grew well m broth, good 
uniform clouding occurring within 64 hours 

Litmus Milk—The colour of the litmus milk was reduced by 
the twelfth day to a greyish white, and slight clearing had 
occuired No clot occurred m the milk 

Potato Cylinders —Abundant, moist, wet-shining, spreading 
growth occurred on the potato slices After some days a 
suggestion of browning became apparent 
Uschinsky’s Solution—Growth m Uschmsky’s solution was 
moderate, A pellicle was formed 

Cohn’s Solution—No visible growth occurred m this medium 
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Physiological Characxfrs 
Fermentation Reactions — 

Dextiose Broth-—Good uniform clouding’ appealed 111 G-l 
hours, and a pellicle was Joimed. Neither acid not gas was 
piodueed. 

Lactose Bioth—Uniform clouding with the fmmaliou oi a 
thm pellicle occuned m 64 houis Neither acid nor gas was 
produced After some days a whitish deposit gathcied at the 
base of the tube 

Galactose Bioth—Clouding occuned in 64 houis, and later 
a pellicle was formed Neither acid nor gas was pi educed 

Saccharose Broth—Good growth m 64 hours with the forma¬ 
tion of a pellicle Neither acid nor gas was produced A 
whitish deposit gathered at the base of the tube. 

Nitrate Reduction—Nitrates aie not reduced. The organism 
was grown m nitrate broth, the tests for the presence 4 of mtute 
being made at the end of five, ten, and fifteen days with suL 
phanilic acid and alpha-naphthylamine m acetic acid 

Hydrogen Sulphide.—Hydrogen sulphide was piodueed. 

Ammonia Pioduction—Ammonia was produced 

Indol Production—Indol was not piodueed. Peptone watei, 
using Witte's peptone, was employed, and the Ehrlich test was 
used 

Diastatic Reaction—No diastatic reaction was observable. 
Tests were made after five, ten, and fifteen days 

Temperature Relations *— 

The optimum temperature for growth was found to lie 
between 25° C and 30° C. No growth occurred above 37° C., 
while a scanty growth was visible when the organism was grown 
at 1° C 

Theimal Death Point—Growth of the oiganism was found 
still to occur at 51° C, but not at 52° C 

Parallel experiments to the above weie made using cultures 
of Bacterium tumefaciens which weie, kindly foiwauled by Du 
N. Brown, of the United States Department of Agriculture 
The cultural and physiological chaiacters of the Australian 
organism were found to agree with those of the type cuiiute in 
all essential respects Such differences as were observed, as 
the inability of the Australian organism to clot milk and the 
absence of a pellicle and stringing gelatinous threads in broth, 
do not appear to be significant, since one of the cultures leceived 
from America failed to clot milk and the, other produced a 
uniform clouding in broth without the formation of a pellicle 
Neither of the type cultures used produced acid m sugar- 
containing media. 
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From the above it is concluded that the organism causing galls 
on flint tiecs m Victoria and othci States of Australia is 
identical with Bacterium tunicfaaens Sm and T 

In conclusion, the authoi wishes to expiess his thanks to Di 
McLennan, of the Botany School, Melbourne, foi her helpful 
advice, and also to Ihofcssor Ewait for piovidmg facilities for 
caiiying on the investigation 
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Explanation of Plate IX. 

Fig, 1 —Galls produced on Castor Oil plant by B. tumcfactens isolated 
from galls on Almond trees 

Fig 2—Galls produced on Tomato plant 
Fig. 3—Galls produced on Sunflower plant 
Fig 4—Galls produced on Castor Oil plant 
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Art XIX —The Palaeozoic Starfish of Victoria 

By ROBERT B WITHERS, B Sc , Dip. Eel 
and R. A KEBLE, E G S 

(Palaeontologist to the National Museum, Melbourne ) 
(With Plates X-XIL) 


[Read 14th December, 1933, issued separately 7th May, 1934 | 


The Palaeozoic Stelleroidea of Victoria constitute, with thiee 
exceptions, the whole of that group known from the, Palaeozoic 
rocks of Australia This paper deals only with the Asteroidea, 
The Asteroidea were first recognized in Victona by McCoy, 
who m 1874 desenbed two foimjs, Urasterella ,selwym 
and Petraster smythi, from Siluuan strata The list of species 
recorded or described prior to the publication of the piesent 
paper is as follows They are arranged according to date of 
publication — 


Species 

Petraster smythi McCoy 
Urasterella selwyni McCoy 
Palaeaster meridionals Eth 
Urasterella sp, (two species) 


Refeience 
McCoy, 1874 
Ibid 

fil , Etheridge, 1891 
Chapman, 1913 


In the present woik the authors have re-examined the above 
forms, as well as a considerable amount of new material, As 
a lesult the faunal list now comprises fifteen recognizable 
species, of which ten are new These are distributed ovci eight 
genera, of which five have not hitherto been recouled fiom 
Victoria. All the starfishes recorded are from the Silurian 
The list now known from Victoria is as follows — 


Species 

Caractacaster yarraensis, sp nov 

Hudsonaster australis, sp nov 
Palasterina flemingtonensis, sp nov 

P stachi, sp. nov 

P umbonata, sp nov 
P sp. 

Petraster ( ? ) a# americanus (d'Orbfgny) 
P, angustior, sp nov 


Hoi won 
Silurian 
(Yai ravian) 
Silurian 
Silurian 
(Yai ravian) 
Silurian 
(Yar ravian) 
Silurian 
Silurian 
(Yar ravian) 
Silurian 
Silurian 
(Yarravian) 


Locality 
South Yaira 

Yan Yean 
Mooncc Ponds 

Melbourne 
(excavations) 
Plenty Ranges 
South Yarra 

Kinglake West 
South Yana 
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Species 

Horizon 

Locality 

P richi, sp nov 

Silurian 

(Silurian 

Clonbinane 

P smythi McCoy 

< (including 
l Yarravian) 

Kilmore, 

Moonec Ponds 

Promopalaeaster meridionalis (Eth fil) 

Silurian 

(Yarravian) 

Silurian 

(Yarravian) 

Silurian 

(Yermgian) 

Moonee Ponds 

P meridionalis (Eth fil ) var parvior, nov 

Moonee Ponds 

Urasterella cresswelh, sp nov 

Lilydale 

Salteraster selwym (McCoy) 

Silurian 

Kilmore 

S biradiahs, sp nov 

Silurian 

Kilmore 

Schuchertia junorl, sp nov 

Silurian 

Kinglake West 

S macrarta, sp nov 

Silurian 

(Yarravian) 

Brunswick 

Outside Victoria the only known Australian 

' asteioids are 


( ? ) Australaster stutchhuru (Eth fil) and Monaster clarka 
(de Koninck), which are both from the Pernio-Caibomferous 
of New South Wales and have not been studied by the authors 

With few exceptions, the material studied has been preserved 
in sandstone A few have been preserved m mudstone, but 
the result is generally not so satisfactory In the course of pre¬ 
servation the calcite ossicles have been dissolved away while 
the mtei veiling spaces have been filled with matrix The speci¬ 
mens, therefore, have a negative character, and a wax squeeze 
is necessaiy for examination Most of the material was m the 
National Museum, Melbourne, and the Museum of the Geology 
School, Umveisity of Melbourne The latter portion was 
generously placed at our disposal by Mr F A Singleton, M Sc 
Some of the best Kmglake specimens were recently presented 
to the Museum by Mr P Junor, while others were collected by 
the senior author The bed at Yan Yean from which Hudson- 
aster australis was obtained was discoveied by both authors 

The ( genera Hudsonaster } Caractacaster, Promopalaeaster, and 
Pctraster are restricted to the Ordovician in England and 
America Urasterella, Salter aster, and Schuchertia begin m the 
Ordovician, but range into the Silunan Palastenna is the only 
Victorian genus which does not occur elsewhere lower than the 
Silurian, This would seem to indicate that asterid distribution 
started from a point m the Northern Hemisphere 

The classification adopted m this work is that due to Schucheit 
(Schuchert, 1915) with the addition of the following genera by 
Spencer (Spencer, 1914, et seq ) viz, Caractacaster and Salt - 
eraster To these comprehensive works on the American and 
British stelleroidea i espectively, the authors are very deeply 
indebted 
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Class STELLEROIDEA 
Sub-Class ASTEROIDEA 
PHANEROZONJA Slaclen 
Family HUDSONASTER11) AE Sc hue hei t 
Genus Hudsonaster Stuit/ 

Hudson aster australis, sp nov 
(PI X, Fig 6, Text-figs 1, 3 ) 

Description—Small disc, with live shoit, lapeimg, lays, 
mterbrachial arcs absent, each mterbrachial area occupied by a 
prominent bullate axillary plate 

Apically, usually three columns of Luge tumid and tuberculate 
plates aie well shown (one radial, two supramaigmals) and 
portions of two mfiamargmals, making live m ail The disc 
consists of a small, tunnd, central disc-plate Muiounded by still 
smaller accessory plates of variable sue and extending to the 
arms Madreporile not detected with certainly, though in the 
paiatype one of the piomment axillary plates appeals to he 
striate 

Orally, the narrow ambulacial channels may be entuely roofed 
over by the adambulacrals, or they may lie open exposing 
markedly carinate, rectangular ambulacrals. Ill the hulotype, 
ambulacrals with prominent, straight cannae are closely packed, 
the podial pores being small and located m the suture between 
the ambulacral groove and the adambulacrals In the paratype 
the ambulacrals, with their sharp T-shaped cannae, and 
similarly placed large, distinct, podial pores, are less closely 
packed 

Ambulacrals opposite, about 15 in number Adambulacrals 
small, rounded, one to each ambulacral plate Inframarginal 
plates large, elongate, rectangular, stiongly tuberculate, rapidly 
diminishing m size distally Oial armature consists of elongate 
basal adambulacral plates 

Dimensions—Syntypes, mm, r « 2 5 mm, width of 

arms at base *=*2 5 mm Ollier specimens have sunilai dimen¬ 
sions 

Remarks.—The syntypes were, obtained by splitting a slab of 
sandstone, a mould of the apical side coming away with one 
half and a mould of the oral side with the other A portion 
of the mould of the central plate system of the apical side came 
away with the mould of the oral side, thus obscuring the mouth 
structuie. In the paratype, however, this portion is clearly 
seen Both agree m every essential feature with the generic 
characters of Hudsonaster, m size, arrangement, and form of 
plates on the rays both apically and orally, and in the ptimitive 
structure of the mterbrachial areas 
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Schucheit (1915, *pp 31-36) regards Hudsonaster as the most 
primitive Ordovician Stelleroid, and states that it is “near the 
ladicle that gave rise through modification and mhentance to 
all the subsequent Stelleroidea ” Spencer (1915, p 57) com¬ 
bats this view, and claims (ibid } 1914, p 5) that the Stelleioidea 
weie e\olved fiom primitive stalked foims with a simple 
airangement of plates 

Of the American forms, oui species most resemble H 
narrawayi (Hudson) (Schucheit, 1915, p 59, fig 1, pi n , fig 
1, pi iv , fig 1) from the Middle Ordovician (Black River), 
USA H australis is compaiable m size, but has several more 
ambulacral plates to each arm Furthermore, H narrawayi has 
not the characteristic T-shaped carmae on the ambulacrals of 
the Victorian specimen 

Another somewhat related form is H mat litmus (Hall), 
(Schuchert, 1915, p 57, pi 2, fig 2, pi 3, fig 2, pi 5, figs 1, 2) 
from the Trenton Limestone (M Ordovician) of USA, but 
that species has wider ambulacial grooves and less round 
inteibrachial marginals The disc is somewhat nailower, and 
the disc plates larger H millcri Schuchert (ibid, p 60, pi 
4, fig 2) from the Trenton Limestone is very similar, but apait 
from its oral side it is little understood 

Associates— Ampyx yarraensis Chapman, Lmdstroeima parva 
Chapman, Biachiopods indet, Crmoids indet, &c 

Horizon— Hudsonaster has hitherto been recorded from the 
Middle and the Upper Ordovician of America and the Upper 
Ordovician of the Girvan District, Scotland Its occurrence 
m Victoria is undoubtedly Silurian, but the beds from which it 
was obtained have not so far been correlated with any other bed 
either stratigraphically or palaeontologically Its associated 
forms are known from the Melbourne area, but their ranges 
have not been ascertained 

Locality—At the summit of an anticline in a cutting on Yan 
Yean-Arthur’s Creek-road, ] mile east of Doreen Junction 

Family PROMOPALAEASTERIDAE Schuchert 

Sub-Family MESOPATARASTERINAE Schuchert 
Genus Caractacaster Spencer 
Caractacaster yarraensis, sp nov 
(PI X, Figs 1, 2, Text-figs 2, 4 ) 

Palacaster mendtonahs Eth fil, Chapman, 1913, Aust Ass Adv Set 
xiv, p 214 

Comparing those forms lelegated to P mendtonahs with 
Etheridge’s type, which was kindly loaned to us by the Aus¬ 
tralian Museum, Sydney, we aie convinced that they aie generic- 
ally distinct and conform to the characters of Caractacaster, a 
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genus erected by Spencer (1916, p 80) on Palaca\fer uxnxcUui 
Gregory, of the Upper Ordovician (Caiadocun) of the Welsh 
bolder 

Description—Fiona a ldatively small ccntial disc, live lays 
with straight boidcis taper rapidly, foinimg an obtuse mtei- 
biachial angle Apically, the disc consists of a depiessed 
cential portion with a rather small ccnirale, sunounded by thiee 
circles of intermediate plates set m liiegulaily pieseived smaller 
accessory plates 

Rays with a central row of lound, tumid and tuberculate 
radialia, of which the pnmaiy plate is only very slightly laigei 
than the remainder To each side of these is a single low of 
small and m the distal portions indistinct row of adiadiaha. 
The arms are bordeied by a row of prominent rectangulai 
supramargmals, which decrease in size only slowly as the tip of 
the arm is approached Jnterbtachial areas distinguished by 
a somewhat enlarged transverse pnmaiy intenadial and bordeied 
by supra-maigmals 

Orally, distinguished by a prominent, lather pear-shaj)ed mtcr- 
brachial axillary, only slightly enclosed by the adjacent infra- 
marginals Ambulacral grooves deep, wide, and giadually 
tapenng Ambulacral plates, IS or 16 m number, and beanug 
a prominent L-shaped ridge Podial pores situated laterally, 
dose to the adambulacrals 

Adambulacrals and mframargmals, both tectangulai and 
about equal m number, border the rays 

Structure of the mouth not well defined, but m the hololype 
the oral armature appears to be formed by the prolongation 
of spines from the proximal ambulacral The spines are curved 
and elongate, and are separated from the axillary interbrachial 
by two small adambulacrals. 

Dimensions—Hololype, R = 8 mm , r — 2.5 mm Faratype, 
R = 10 mm , r «=» 3.0 mm 

Remarks—In the holotypc, one primary intenadial is icplaced 
by a rounder and more tumid plate, probably ihc madieporile. 
In a portion of the rays, the adambulacrals and mfiamargmals 
appear to be fused into a series of very transverse plates. Closer 
inspection suggests, however, that this is only a false fusion due 
to petrifaction; in the holotype a few of the proximal plates 
show separate rectangular adambulacrals and mfiamarginals 

C yarraensis is smaller than C carat laa (Gregory) 
(Spencer, 1916, p 80) of the Upper Ordovician of the Welsh 
border, and has fewer ambulacrals, and the oral armature 
appears somewhat less elongate C intermedins (Schuchert) 
[ — Mesopalaeaster intermedins Schuchert) (Schuchert, 1915, 
p 79) is similar in size, and resembles our species in the 
occurrence of two small adambulacrals between the interbrachial 
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marginal and the oral armature The mterbrachial marginal and 
mframargmal plates are, however, more prominent m C. 
yarracnsts , and the coaise granulation of the adambulacrals found 
in the American species is absent C intermedins is an Upper 
Ordovician form m the United States of America. 

Other species which it resembles belong to the related genus 
Mesopalacastcr M bellulus (Billings) occurs in the Silurian 
(Rochester Shale) of Ontario, and is larger, as well as exhibit¬ 
ing some differences in the mframargmal plates M shafferi 
of the Upper Ordovician (Cincinnati Group) is comparable 
m size, but shows the arms terminating apically m large radial 
plates There are also oral differences 

Associates— Petraster angastwr sp nov t brachiopods, pelecy- 
pods, tnlobites, &c 

Horizon—Silurian (Yanavian Series) 

Locality—South Yarra, Victoria 


Sub-Fannly PROMOPALAEASTERINAE Schuchert 
Genus Promopalaeaster Schuchert 
Promopalaeaster meridiontalis (Eth hi ) 

(PI XII, Fig 7, Text-fig 5 ) 

1891 Palacastcr mei idionahs Eth fil, Rec , Aust Mus, i, pp. 199-200, 
pi xxx, figs 16, 17 

Original description (emended)—Body small, rays mode- 
lately long and rather acutely pointed, 15 mm from the actmial 
centre to the apices, mterbrachial angles broad and obtuse; 
abactimal surface unknown. Ambulacral avenues wide m com¬ 
parison to the size of the body, deep, very gradually tapering 
[except at distal end where they taper quickly], the sides more 
or less stiaight-walled, ambulacral plates about 20 m number 
on each side, transversely oblong, bearing more or less pyriform 
pores [placed close to the adambulacralsJ , adambulacral plates 
quadrangular [tumid and granulosa], [proximally much] smaller 
than the marginal plates, placed along the prominent edges of 
the ambulacral avenues, maiginal plates transversely elon¬ 
gated, [tumid and pustulose], slightly supia-margmal in posi¬ 
tion, and thus partially visible dorsally, diminishing very 
gradually m size towards the apices of the rays, mterbrachial 
marginals [mframargmals] apparently two m number [it is 
quite clear there are two], much larger than the others, and 
generally tnangular m shape [orad to these are two small mter- 
brachial marginals] Oral plates not distinctly visible but 
apparently lanceolate [They can be quite well se.en, are lan¬ 
ceolate m shape, and adambulacral m origin,] 

Dimensions —R =16 mm ; r = 6 mm 
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Observations—Definitely a Promopalaca star Many species 

of Mc?opalacastcr bear a quite striking supeiiiml i esemblance, 
particularly M shaffen (T-Jall) ( — Palacaslet shoejjen Hall), 
fiom Uppci Ordovician (Cincinnati) USA, but Mcsopalae- 
aster has a single pentagonal axillary lnterbiaelnal, while 
Promopalaeaster commonly has two 01 tnoie mtorhrachial 
marginals in addition Promopalaeaster mendionahs has two 
of the latter, but the foimci cannot dcaily be seen 
Etheridge (Etheridge, 1891) compared his species with seveial 
Promopalaeasters, namely P granulosus (Hall), P antiqiiatus 
(Locke), P cxculptus (Millci), and P dycn (Meek), all ot 
which were then called Palacasier, and, as Etheiidge pointed out, 
were much laiger than the Australian species, and exhibited othei 
differences 

A species comparable both m size and in othei ways is Promo¬ 
palaeaster wykoffi (Millei and Gurley) (Schuehcrl, pp 119-120, 
pi. 18, fig 6, pi 19, fig 2), from the Upper Ordovician (Rich¬ 
mondian) of USA , but the lays ate not as pointed, and the 
ambulacral furrow is wider. 

Associates —Petr aster smyiln McCoy; Grcgonura spryi 
Chapman, also bracluopods, pclecypods, trilohites, &c 
Horizon—Silurian (Yairavian Senes) 

Locality—Moonee Ponds, Victoria 


Promopalaeaster meridionals (Eth. fil ) var. parvior, nov, 
(PI X, Fig 5) 

The specimen shows the oral surface of one complete arm, 
and the margins of the two adjacent arms. 

Description —Arm petaloid, with wide and shallow ambulacral 
groove . Ambulacrals with a sharp T-shaped carina which 
unites with a nairow extension from the adjacent aclambulacral. 
Adambulacrals prominent, subquadrate distally, but becoming 
transverse proximally; largest near centre of ray; surface 1 
convex and pustulose; 17 m length of arm, Poclial openings 
large, situated in sutures between ambulacrals and adjacent in 
adambulacrals Inframarginal plates smaller than adam¬ 
bulacrals, rectangular proximally, but rapidly decreasing m size, 
and becoming elongate distally Interbrachial angles acute, 
bounded by inframarginals Between mframargmals and the 
pair of proximal adambulacrals which form the mouth angle- 
plates is a small area probably occupied by accessory plates 
The structure has not been preserved sufficiently well for 
description 

Dimensions of Holotype —R =7 5 mm.; r = 4 mm Width 
of arm at widest part, 3 5 mm 

Remarks —The variety, as the name indicates, is smaller than 
P, mendionahs The arms also taper more rapidly in the distal 
half, giving a more petaloid appearance, The inframarginals 
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are not as large noi as quadrate, nor are, theie as many plates 
developed m the mterbi achial areas Possibly all these char¬ 
acters may be due to greater youth 

Associates — Promopalaeastcr mcndionahs (Etheridge), Pet- 
raster smythi , &c 

Horizon—Silurian (Yarravian Series) 

Locality—Moonee Ponds Creek, Flemmgton Collected by 
Geological Survey of Victoria 


Family PALASTERINIDAE Gregory (emend ) 

Genus Petraster Billings 

Petraster (?) aff americanus (d’Orbigny) 

1915 Petraster (?) americanus (cTOrbigny), Schucliert, p 146, 
pi 26, fig 2 

The specimen occurs on the same slab as Schuchertia janori , 
sp nov (qv ), and is only paitially exposed The laige m- 
framargmals bounding both the arms and the mterbraclual arcs 
suggest it is a Petraster, while the shape and ariangement of the 
other ossicles most closely resemble the above form 

Horizon —Silurian 

Locality—Collins Quarry, Kmglake West, Victoria 

Petraster angustior, sp nov 
(PI XII, Figs 4, 5, Text-fig 6) 

1913 Palaeastei smythi (McCoy), (pars) Chapman, Aust Assoc 
Adv Science , p 214 

Specimens 372-6 of the National Museum Collection, Mel¬ 
bourne, were labelled Palacaster smythi (McCoy) in 1902, and 
published as such above Specimens 372-4 are m a hard brown 
sandstone and specimens 375 and 376 in a soft grey mudstone 
All five specimens prove to be quite distinct from Petraster 
smythi McCoy. The first three are desenbed as Petraster 
angustior, sp nov , but the last two can be described only as 
Palastenna sp 

Description—Arms five, sharply pointed and tapering rapidly 
from broad central disc. Each arm has a pi eminent central 
ridge along which are situated the convex, polygonal, and pustu- 
lose radials To either side, but on the slopes of the ridge, is 
a row of small irregular accessory plates, increasing to two rows 
within the confines of the disc At the base of the ridge is a 
row of supramargmals, similar m appearance to the radials, but 
smaller. The arms are bordered by relatively large subquadrate 
inframarginals, between which and the supramargmals there is, 
proximally, a row of ambital plates Disc large, and char¬ 
acterized by a stellate pentagonal ridge This is made by the 
union of the adjacent portions of the ridge from each ray, 
which portions bifurcate proximally Inside of this pentagon 
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is a small rounded cential disc plate suirounded by a ling of 
lather smaller plates, the whole interspersed with small accessory 
plates Interbrachial areas broad and obtuse, boideied by in- 
framargmals, and consisting of a number of small polygonal 
plates. Ambulacial plates (visible fiom apical side ol specimen 
372 ) tiansversely rectangulai 

Dimensions of Ilolutype—R=-l() niln , i --*0 mm Width 
of arm at base, 5 mm 

Remarks — Petr aster angustwy, as the name indicates, has less 
stout arms than Petraster smythi buithei, the mfiamargmals 
are not so large, especially m the interbiachial aics The nearest 
foreign species is P, speciosus (Millei and Dyei), which is also 
the form nearest to P smythi P s pec touts has the distinctive 
cential ridge on the arms like the Victonau species, but it is 
largei 

Associates— Caractac aster yarracHsis, sp nov t biacluopods, 
pelecypods, tnlohites, &c 

Honzon.—Silurian (Yarravian Senes) 

Locality—South Yaira 

Petraster richi, sp nov. 

Ajher this paper had gone to press, some lecently-acquucd 
specimens were biought undei oui notice by the Director of the 
Geological Survey of Victoria They have moderately stout 
petaloid aims Prominent inframarginals border the arms and 
continue across the obtuse interbrachial angles Between them 
and the mouth angle-plates is a senes of small accessory plates 
These features indicate the genus Petraster . The form is less 
stout than Petraster smythi McCoy; and has more petaloid anus 
and larger infiamargmal plates than Petraster angustior, sp. nov 

Horizon —Silurian 

Locality—1 mile south-east of the Clonbinane Pre-emptive 
Right, just above junction of Comet and Sunday Creeks. 
Specimens 34,508-34,510, 34,514, Geol, Surv Mus Pies by T 
Rich, Esq 


Petraster smytht McCoy. 

(PI XIL, Figs 1, 2) 

1874 Petraster smythi McCoy. McCoy, Ptod Pal Vit , Doc 1, 
p 41, pi x, figs 1, la, lb 

1913 Palaeasier smytht (McCoy) (pais,) Chapman, F. On the 
Pal of the Sil of Viet, Aust, Assoc Adv . Science 1913, 
p 214 

The genus Petraster was founded by Billings in 1858, but 
the genotype was considered by James Hall m 1868 to be a 
Palaeaster , Hence the listing of Petraster smythi McCoy as 
Palaeaster smythi (McCoy) by Chapman in 1913 
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Schuchert, however, in his 1915 monograph (p 142) was able 
to show that Billing's holotype was “ a normal individual of a 
distinct genus/' and not a Palaeaster as considered by Hall In 
the circumstances McCoy's original name for the Australian 
species must stand McCoy’s specimen was not a clear one, 
but Schuchert (1915, p 148) regarded it as a genuine Petraster 
“ so far as could be judged from the description and illustra¬ 
tions '* We are able to confirm Schuchert’s conclusion, and 
from specimens obtained by the late Mr Ge.orge Sweet fiom 
the Silurian of E Kilmore, have been able to select an excellent 
plesiotype Specimens from the Silurian of South Yarra, listed 
by Chapman m 1914 as “ Palaeaster sinythi ” can be shown on 
examination to be a distinct species of Petraster with narrower 
arms than P smytht This is described above as Petraster 
angustior The plesiotype shows very clearly the prominent 
mframargmals bordering the entire form, and the stout ridged 
arms, typical of Petraster 

Description of Holotype —Five broad semi-elliptical lobes 
meeting at slightly rounded re-entering angles, leaving the length 
and the width at the base of the rays nearly equal, and less than 
the width of the disc The upper surface is covered with 
irregularly polygonal tumid plates Madieponform tubercle 
very large (1-J- lines = 2 5 mm m diameter), irregularly porous, 
and rugged with branching vermicular ridges, excentric towards 
base of the two posterior ridges' Ambulacral groove narrow, 
bordered with a row of large, transversely oblong adambulacral 
plates, wider than long, about 6 m 2 lines (7 m j cm ) at 
middle of ray [This interpretation is surely wrong The 
transverse plates are the floonng plates of the ambulacral groove 
They are opposite, and about 12 in a column ] Margin of rays 
bordered with a rather smaller row of similar ( ? ) marginal 
plates (mframargmals) [These are smaller and not so trans¬ 
verse ] Between the row of adambulacral [ambulacral] and 
(infra) marginal plates an intercalaiy row of small irregular 
plates. [No evidence can be found of such “ irregular ” plates, 
the “ intercalary ” rows referred to are the adambulacrals, which 
are smaller and less transverse than the ambulacrals ] 

Width of disc between the rays 7 lines; from tip to tip of 
rays, about 1 inch 2 lines, length of ray about 5 lines 

Dimensions.—R ==15 cm., r = 7 mm 

Remarks on Holotype.—The holotype is an impression of the 
dorsal side, but in the case of two of the rays, the apical plates 
are missing, and the ambulacral plates are seen from the inner 
side The specimen must have suffered a good deal of crushing 
m the course of preservation, for many of the plates are dis¬ 
placed from their normal position, and the structure is not easily 
distinguished McCoy's figure is not an accurate reproduction 
of the specimen but a generalized drawing showing the structure. 
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Honzon—Siluiicin (Yarravun Senes) 

Locality,—Flenmigton, neat Melbourne 

Desciiption of f > lesiolype —Apical side only Five slioit, 
stout arms emerging fiom.a l)ioad cential disc The enlne 
body of the animal is bordered by prominent gianulale infia- 
margmals These aie small and lectauguhir distally, but become 
much larger and elongate m the mletbtathial aies, wluue they 
aie 4~5 times as long as broad, the long axis being tratisveise 
to the margin. The total number from the tip ol one lay to 
that of an adjacent ray is about 20 A sinking feature is their 
loose arrangement Rays with a central low of polygonal 
radials, situated on a ridge, with a iow of supranuignuls on 
each side, followed by the mfiamarginals Froximally the axis 
of the lays is occupied by two column of plates, which with the 
two supramarginal and two mframargmal columns makes six 
m all, as McCoy shows m his figure of the holotype, Froximally 
numerous accessory plates developed between the radial and 
supramarginal columns and particularly between the latter and the 
bounding mframargmals The suptamaigmals can he traced in 
a broad aie across the interbiactual areas, between which and 
the boundary of the disc is a copious development of small 
accessory plates Structuie of central part ot disc, and position 
of madreporite uncertain 

Dimensions —R 16 mm , r — 6 mm 

Remarks—The nearest related species is Petrasta speuastu s 
(Miller and Dyer) (Schucheit, 1915, p, 142, pi 23, figs 5-7; 
pi 26, fig 1, pi 27, figs 1-4) from the Upper Ordovician of 
the United States of America The latter has, however, infia- 
marginal plates which do not increase so much in size in the 
mterbrachial areas, while the intei brachial arcs are more obtuse 
While some of the specimens of P speciosus are of similar wsize 
to our species, others are, twice the size. 

Associates —Salteraster sehvyni (McCoy); Salkeraster bint- 
dialis, sp nov 

Horizon —Silurian. 

Locality—East Kilmore Discovered by the late Mi. G 
Sweet, in yellow micaceous sandstone, and comprising pail of 
the Sweet Collection presented by him to the National Museum. 

Genus Palasterina McCoy 
Palasterina sp. 

1913 Palacaster smythi (McCoy) (pars) Chapman, Aust Assoc „ 
Adv Science, p 214 

The two specimens (375, 376) now described as Palasterina 
sp were labelled m the National Museum, Melbourne, as 
Palaeaster smythi (McCoy) (now known as Petrasler smythi 
McCoy) 
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They were with thie.e others (372-4) from the same locality 
which m this paper have been designated Pctraster angustior 
sp nov From the latter specimens, numbers 375 and 376 differ 
completely The arms (the oral side only of which is pre¬ 
served) are boidered by adambulacral plates only, and the mter- 
brachial angles aie acute The grooves are wide and shallow, 
and the lectangular ambulacrals bear L-shaped carinae The 
aims taper gradually as fai as they aie pieseived, but the distal 
half of three of them is missing In the remaining two the 
distal portion of two adjacent arms has been bent back into an 
interbi actual angle This gives a false appearance of a broad 
disc, which perhaps accounts for their original identification 
Pctraster is further excluded by the absence of inframarginals 
from the arms 

Associates — Pctraster angustior , sp nov, Caractacaster 
yarraensis , sp nov , &c 

Horizon—Silurian (Yarravian Series) The specimens are 
preserved m a grey mudstone It is worth noting that the 
thiee other specimens fiom the same locality which were classed 
m the National Museum as Palacastcr smytln w'ere m a hard 
hi own sandstone 

Locality—South Yarra Collected by the late Mr F P 
Spiy 

PALAS1ERINA FLEM1NGT0NENSIS, Sp 11QV 
(PI XI, Fig 3, Text-fig 7) 

1913 Liastaclla sp, Chapman, Aast Assoc Adv Science , p 214 

This species is based on four specimens fiom the Silurian of 
“ Flemington,” and judging fiom the distinctive matrix, probably 
from the Geological Suivey Locality (B8) Two were labelled 
Tacmaster by McCoy, and later Urasterella flemmgtonensis, 
sp nov , by Chapman Another (the holotype of the present 
species) was labelled ff Urastcrclla , sp nov , but not Urasterella 
flcmmgtoncnsisS and the fourth, Urastcrclla (?) sp ” In spite 
of a certain vanation m size, all four specimens have the same 
specific structure Unfortunately the oral side only is preseived 

Descuption—Five long slender arms tapering slowly and uni¬ 
formly to a sharp extremity, Ambulacral grooves wide and 
deep, the floor made of about fifteen stout lectangular ambula¬ 
crals w ith a strong and rather broad T-shaped ridge The lateral 
end of this ridge is m line with a projection from the adjacent 
adambulacral. The adambulacial plates are prominent, lect¬ 
angular to quadrate, and without exception have a convex 
tuberculate surface Spines formerly attached can be seen 
alongside parts of the arms Inframlarginal plates elongate rect¬ 
angular, but visible only for a short distance from interradius 
Interbiachial structure consists of a stout lunate mterbrachial 
axillary plate adoral to which are a pair of cuived tuberculate 
mouth angle-plates 
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Dimensions of TTolotvpe—R = 20 mm , i=4 mm < Uliei 
specimens lange fiom this size to one-half 
Remaiks—The above form has been identified as Palastei ina 
on account of the wide amlmlacial g moves boideied by tlu k 
chaiactenstic convex tubeiculatc adambulacials The mouth 
angle-plates, too, are of the Palaslcnna type, as ate also the 
poorly developed mframaigmals }\ flcnunglonensis is dis¬ 
tinguished from P vS taihi (q v ) by the absence ol the wide 
bordei of ambital plates, and of the stellate mteibiaclual plate 
The narrowing of the amlmlacial gioove towaids the disc is not 
well marked m P finning l one ns us, though it can lie seen in one 
of the arms This suggests that this ehaiatlei may not be 
specific, but may mciely indicate the degiee to which the animal 
has opened the groove Jn the case of Pahislerma staclu, how¬ 
ever, the constriction is so marked on each aim that it is study 
specific Palaslcnna flcmingloncnsis is most closely 1 elated, 
among foreign forms, to Palaslcnna pnmaeva (Forbes), 
(Spencer, 1922, p 223, pi xv , figs 5-7, pi xvii , tig 3, text-tigs, 
30, 138, 157-164) from the Ludlow of Westmoreland, England 
The latter is about the same size, and lacks the abundant 
development of ambital and mlerraclial plates seen in some 
species of Palaslcnna , but not m Palastcruia fhuningtoncnsuw 
The mterbraclnal axillaiy plate has a concave pioxnnal edge 
and convex distal edge m both {turns, hut is more slendei m 
the Australian species Jn Palastcruia pnmaeva, the tubeicles 
on the adambulacrals are restricted to a ridge, but m P flailing - 
tonensis they are distributed over the whole surface. This 
indicates a more primitive stage of development 
Associates— Sturtzura bnsmgoidcs (Gregory) ; Pun aster 
leptosomoides (Chapman), Petraster smythi McCoy; also 
brachiopods, pelecypods, and tnlobites 
Horizon—Silurian (Yarravian Series), 

Locality—“ Flemmglon,” near Melbourne, 

Palastertna stag hi, sp nov. 

(PI XL, Figs 4, 6) 

Description—Rays, five, rather stout, umfoimly lapei mg 
Ambulacral groove wide, deep and petaloul, broadest about distal 
end of proximal third, tapermg from theie to mouth and more 
so distally. Ambulacrals sub-rectangular, wider than long, and 
with prominent L-shaped ridge, the foot of the L directed 
proximally, 10 to 12 in 10 mm Adambulacial plates sub¬ 
quadrate, convex and granulate; number about the same as the 
ambulacrals Mouth angle-plates small, swollen and distinctly 
curved Interbiactual angles characterized by a large inter- 
brachial marginal plate, which is convex and hexagonally stellate 
with a rib radiating to each point, and distinctly pustulose. No 
plates intervene between this plate and the mouth angle-plates, 
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nor between it and the adjacent adambulacrals, but immediately 
to the bide of it are three or foui (.the exact numbei cannot be 
determined) rectangular mframargmals, which rapidly decrease 
m size along the arm and then disappear 

The rays are bordeied throughout their entire length by a 
senes of small, elongate, ambital plates The width of the border 
is gieatest m the mterbrachial areas, but gradually tapeis dis- 
tally Apically, the arms consist of a prominent row of rounded 
convex radials on either side of which are a row of more elon¬ 
gate, adradials (also convex) and a row of slightly smaller supra- 
margmals 

Dimensions—Holotype, R = 20 mm , 1 —7 mm Paiatype, 
R = about 27 mm , r = 7 mm 

Remarks—The species is named after its finder, Mr L 
Stach, who a few years ago made a valuable collection of star¬ 
fishes and crmoids from the Silunan of the Melbourne district 
The holotype shows the oral side, the paratype is a less perfect 
specimen of the apical side The form is identified as Pala- 
stenna b> the almost entire absence of mframargmal plates 
from the oral side, the petaloid arms, the swollen and cuived 
mouth angle-plates and the well-developed ambital plates The 
two latter characters exclude Urasterella The polygonal inter- 
brachial marginal, with the few adjacent mframargmals also 
suggest Eoactis simplex Spencer (Spencer, 1920, p 206, pi i , 
fig 4; pi xv, fig 8, text-fig 147-148), but the latter has well- 
developed adambulacrals, and no ambital plates It is also much 
smallei The nearest species is P antiqua (Hismger) from the 
Wenlock and Ludlow beds of Great Britain (Spencer, 1922, 
p 228, pi iv , fig 6, pi xv , fig 9, pi xvi, figs 1, 2, text-figs 
165-170) The ambulacial groove is constricted proximally as 
m the Victorian species, and in some cases (text-fig 170) a well- 
developed mterbrachial marginal plate is present, P follmam 
Sturtz (Spencer, supra cit, pi xvi, figs 3-7, text-fig 171) from 
the Lower Devonian of Geimany is a very much larger species, 
but has a well-developed axillary plate like P stachi 
Associates,—Crmoids and starfishes mdet 
Horizon—Silurian (Yarravian Series). 

Locality—Excavations for foundations of Herald office, 
corner of Collins-place and Flinders-street, Melbourne 

Holotype and paratype presented to the National Museum by 
Mr. L Stach 

Palasterina umbonata, sp nov 
(PI X, Fig 4) 

Description—Five, rather stout, petaloid arms, with wide and 
shallow ambulacral grooves Ambulacrals opposite; about 20 
m number, rectangular, with prominent proximally directed 
L-shaped carina Proximal to carina, and about one-third of 
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the distance fiom the central gioove to the adambulacuil, is a 
boss-like pi ejection Adambulaci als equal m numhei to ainhula- 
crals, small, quadiate, with convex; pustuloso smlace V slight 
pi elongation of each adambulacial is m line with the uuma ol 
the coiresponding amlmlacial Oial aimatine made ol live 
pairs of stout euived mouth angle plates, Intel In actual angles 
filled with a laige icniiorm mtci Jnaclnal axillaiy plate, and a 
numhei of otliei lriegulai mteiiadial plates, the hugest of which 
bound the mtcrbraclual aic Apical side unknown 
Dimensions —R = 20 man , r = 5 mm 

Remarks—The specimen on which the above is based was 
labelled Urasterella in the National Museum collections l* 
umbonata is distinguished from P siachi and P jlcmiiu/tonrnsis 
by its broader aims, and the piesencc, ol the boss-like ptn- 
tuberances on the ambulacrals The specific name is a ielic¬ 
ence to the lattei cliaiacter P stcuhi is also distinguished by 
the greater development of ambttal plates 
P umbonata shows considerable lesemblante to P jn imaeva 
(Forbes) from the Ludlow of Westimneland, Kngland 
(Spencer, 1922, p 223, pk xv , figs 5-7, pi xvii , fig 3, text* 
figs 30, 138, 157-164) The si/e and mteihtachial stuteluie 
are similar, but P prvnaeva has moie prominent adamhulacials, 
and lacks the boss on the ami ml dual plates, it also has less 
petaloid arms 
Horizon —Silui lan 

Locality—Neat Plenty Ranges, 6 feel beneath sut face 
Specimen purchased by National Museum finm Miss M V 
Macfarlane, 27th Febmaty, 1915 

Group CRYPTOZONIA Slaclen 
Family URASTERELLIDA E Schticherl. 

Genus Urasterella McCoy (Km end,). 

Urasterlua lrkswelli , vSp, 110V, 

(Pi Xll„ Fiff 6) 

1913 Urasterella sp , Aust Asioc> Adv. Semite, p. 223 
Description—Five slender arms radiating hum a small central 
disc Each arm has its margins almost parallel oi only slightly 
tapering for three-quarters of its length, after which it tapeis 
more rapidly. Grooves nairow and deep or arched over by 
adambulacrals Structme of the ambulacrals not visible. 
Adambulacrals like coins set on edge, inclined towaids the mouth, 
about nineteen in length of the arm Viewed orally the adain- 
bulacials appear transversely rectangular with convex surfaces 
Outside the adambulacrals is a row of subquadrate infra- 
marginals which extend the whole length of the arm These 
increase m size proximally, become less closely packed, and more 
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tuangular m shape The, latter is due to a lateral, probably 
paxillar, prolongation Interbrachial angles acute, but structure 
not discernible Oral stiuctuie also lost. Apical side unknown. 

Dimensions —R ==10 mm , r = 1 mm Width of arm at 
base = 2 mm 

Remarks—The specimen gives just sufficient information to 
class it as a Urastciellid, but it may be Salteraster In the 
absence of knowledge of the apical side, it is howevei best 
identified as Urasterella Its arms are less petaloid than 
Salteraster selwynij which form it resembles m size 

Urasterella ruthvem (Forbes) (Spencei, 1918, p 140, pi lx, 
fig 5, pi x, figs 4-6, text-figs 90, 91) has transverse adam- 
bulacrals like, U cresswelh, and has the same shape of arm; 
but it is a larger form It occurs m the Upper Ludlow slates 
of the Lake District, England U ruthvem vai lenitwardensis 
Spencer (Spencer, 1918, p 142, pi lx, figs 3, 4, text-fig 92), 
is a slightly smaller foim than U ruthvem , but only the apical 
side is known It is found m the Lowei Ludlow beds of 
Heiefoidshire 

Salto aster ( ? ) corondla (Salter) (Spencei, 1918, p 153, pi 
xi, fig 6, text-fig 99) is the foim closest to U cresswelh m 
size, but it has a broadei disc It is from Lower Silurian 
(May Hill Sandstone,) of England U cresstvelh is the only 
asteroid known fromi the type locality for the Yenngian 
(Middle Silurian) rocks of Victoria It is named after the 
Rev A W Creswell, who was a student of Professor McCoy's, 
and who contributed so largely to our knowledge of the 
Yenngian 

Associates —It is associated with an abundant fauna of corals, 
brachiopods, pelecypods, tnlobites from the neighbounng mud¬ 
stones, and of corals, gasteropods, and ostiacods from adjacent 
limestones 

Horizon—Silurian (Yenngian) Equivalent to Wenlock 

Locality—Lilydale, Victona Collected by the late Rev 
A W Cress well from the “ mudstone quarries ” 

Genus Salteraster Sturtz 
Salteraster selwync (McCoy) 

(PI XI, Figs 1, 2 ) 

1874 Urasterella selwyni McCoy Prodrom Pal Vic j Dec 1, p 
42-43, pi x, figs 2, 3 

The name Salteraster was proposed m 1893 by Sturtz, who 
named as the genoholotype, Palaeaster aspernma Salter Spencer 
(1918, pp 149-152) re-examined this species, and confirmed the 
erection of the genus Salteraster, which he diagnosed as “ a 
Urasterellid with all its rows of adradialia exactly similar ” 
Commenting on the Australian species U sehvym he said (p 
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155) “The figures and description suggest that the species 
might really belong to Saltcra^tcr, but good stiuctuial details 
are not given n An examination of McCoy’s syntypes (moulds 
of the oial and apical sides lespectively) confirms Speucei\s 
opinion Moieovei, we have been able to make out some addi¬ 
tional stiuctural details 

Description—Rays five, elongate, giadually tapeimg liom a 
little beyond the base,, which is slightly contiacted. Angulated 
on the upper side by a prominent ndge along the middle of 
each lay, having a iow of conical subcnculai plates (nuhals), 
about eight m two lines (18-20 pci cm,), each side sloping on 
the dorsal aspect from the middle with about tlnee lows of 
conical tubercular plates (adiadials) lather smaller than the 
middle row Thiee of the rows aie exactly alike—the adiadials, 
the fourth—the mframargmals—are only partially visible ftom 
the apical side and carry elongate spines The live axil plates 
(axillary interbtactuals) small, ovate, InanguUu, very tumid 
Plates of central disc consist of a ccntial plate with the five 
primary ladials arranged m a circle about it. Adamlmlacial 
plates laige (tubeiculose) extending to the tubeiculai maigin, 
(accouhng to McCoy, but it is quite clear that mfrantaigmals are 
present), transversely oblong, about twice as wide as long 
(about 9 m two lines = about 12 in 5 mm ), the size deu easing 
distally Bounding the adamhulacials for the entire length of 
the arm is a row of lectangular nifiahiarginals, each with a long 
grooved spine It is the outei end of these spines which are 
visible from the apical side Ambulacial plates small rect¬ 
angular and sharply ridged with the characteristic D-shaped 
canna, and large podial pores situated midway between ccntial 
groove and adambulacials, and m a deep ambulacial groove. 
Surface of plates granular (Madreporite not observed,) 

4 Dimensions of Syntypes,-—Length of ray from mouth to tip 
six lines (R 13 mm, r«-2 mm), greatest width near base 
1^ lines (2 5 mm ) 

Remarks—McCoy was unable to describe the ehaiactei of (he 
oral plates from his types, but other specimens from Kilmore 
are sufficiently cle,ar to show that S. sclwyni had the flat tii- 
angular oral plates characteristic of the Urastcrellids The 
nature of the spine-bearing ossicles is also of interest, 
Schuchert (1915, p 174) describes long grooved spines springing 
from the adambulacrals, but Spencer (1914, pi. vhi, fig 7) 
show spines attached to the mfiamaigmals in U medusa, Ln 
$. selzvyin f the long spines are undoubtedly attached to the 
inframarginals, McCoy compared A. sekvyni with U, ruthveni 
(Forbes) from the Upper Ludlow beds of the Lake district, 
but this form is a true Urasterclla , and is distinctly larger, A 
more closely related species now known us S> (?) coronella 
(Salter) (Spencer, 1918, p, 153, pi xi, fig 6, text-fig 99), 
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The ossicles of the apical side aie somewhat similai, but the 
form has less pointed aims and is smaller than ^ sclwyni . 
S’ ( ? ) coronclla is from the Lower Silunan (May Hill Sand¬ 
stones) of Woiceslershire 

Associates— Salicrastcr biradmhs, sp nov Also Dalmamtes 
mcjidianus , corals, brachiopods, &c 

Horizon —Silurian 

Locality—Range on E side of Commonage, Kilmore G S.V 
Loc Bb23 


Salter aster biradialis, sp nov 
(PI XI, Fig 5, Text-figs 9, 10) 

Five relatively slender convex arms radiating from a small 
central disc For almost the entire visible length the sides of 
the arms aie parallel, but the distal ends aie m no case pie- 
served Apical sides of arms with two columns of sub- 
quadrate to rectangular radials, each with a granulate surface 
and a boss-like eminence Entire, margins of the lays made of 
row of mframaiginal plates In apical view these are lound, 
with a convex suiface, but laterally they can be seen to be 
elongate Outside, of them, m a few cases, there are some 
small plates, which must be displaced adambulacrals Inter- 
brachial angles with a small round mterbrachial marginal visible 
also from oral side Grooves wide, ambulacrals rectangular and 
ridged Adambulacrals (15-20) prominent, swollen, and trans¬ 
verse rectangular Inframarginals not visible, except close to 
mterradius where they appear as a few small round plates Oral 
plates small and triangular 

Dimensions —Holotype R — about 12 mm , i* = 1 5 mm 
Paratype R = about 7 mm (but distal end of arm not visible) ; 
r = 1 mm 

Remaidcs —X btradiahs is distinguished from X sckvym by 
the shape of the arms, and the distinctive arrangement of the 
two central radial columns The most nearly related foreign 
form is S ( ? ) coronclla (Salter) (Spencer, 1914, p 153, pi xi, 
fig 6, text-fig 99) from the Lower Silurian (May Hill Sand¬ 
stone) of Great Britain This form, has, however, a single 
central radial column It is also smaller Most of the arms 
have the distal third broken off, but one which is better pie- 
served is curved into an open S This indicates a wriggling 
method of progiession 

Associates—As for ^ selwyni. 

Locality—Range, E side of Commonage Reserve, Kilmore 
Geol Surv Viet Loc Bb23 

Horizon —Silurian, from the same open reddish sandstone bed 
as .S’ sehvym 
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Family SCHUCHFRTl1 DAE Schudicil 
Genus Schuchertia Gicgoiy 
SciTUl II LRU A IITNORI, Sp. HOV 
(PI X., Fig. 3 ) 

Description —Centml disc of moderate size, willi live lung and 
pointed lays Apical side unknown Oially, giooves nruiow, 
ambulacrais strongly cariuated; poclial openings on stitmes 
between plates, and close to adambulaciaK Exact number of 
ambulacrais difficult to deteimme, but in length of 10 nun near 
centre of one of arms there are about 11 Aduinbulacrals well 
developed, with convex gianulai sin face, proximally sub- 
quadrate, medially more l octangular and distally bioadty lunate 
Each ambulacral is angulate neaiest the ambulacial gtonve, the 
angle pointing to the canna of the adjoining ambulacial 
Decreasing in size distally—most rapidly towards the slender tip 
of the ray Inframargmal plates pi eminent, paitieularly in the 
proximal region wheie they aie laigci than adambulacrafs, sub- 
quadrate to transversely leclangular, with convex, gianulai 
surface Distally, they lapidly cleciease in size, till medially 
they are elongate, rectangular, and much smaller than the adam- 
bulacrals In places, particularly distally, the, mfiamaigmals 
appear to hear elongate spines, 1ml from the spotadic oecmience 
of these they arc probably paxillae displaced fiom the apical 
surface Mouth angle plates aclamhulacral, large, high, and 
somewhat narrow Interhrachial areas chatacletized by a i at her 
prominent mterbrachial maigmal to either side of which are 
large inframargmals, while adoially are the prominent mouth 
angle plates and externally a mass of mteibrachial accessory 
plates These are mostly irregularly shaped and margin the 
arms for over one-half their length 

Madreponte fairly large, situated orally, in one of the intcr- 
brachial angles and close to the bordering inframarginals of one 
aim, finely and ladially striate 

Dimensions of Hololype—-R •— 3.5 cm., r—* 9 mm , diaiifcter 
of madreponte, 2 0 mm. 

Remarks.—This fine specimen is named after its finder, Mr* 
P. Jtmor, of Kinglake West, who was good enough to pieseiit 
it to the National Museum, Melbourne 

Generically it has some of the, characters of both Pelraster 
and Palastenna , it is excluded from the first by the absence of 
accessory plates from the area between the interhrachial mat - 
ginal plate and the mouth, from the second by the pi eminent 
mframargmals which maigm the oral side of the arms The 
most closely related species is ^ laxata Scluichert, fiom the 
Upper Ordovician of Great Britain and America (Scluichert, 
^ 32* fig - 3, pi 33, figs 2, 3; Spencer, 1920, pi v, p. 
212, pi xv , fig 1, text-figs 150-153), but it is sloutei, and its 
arms aie shoiter and disc bioader than S, junori Nevertheless, 
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the narrow ambulacral furrows, strongly carinate ambulacrals, 
shape of ambulacral plates and structure of mterbraclnal arcs 
suggest a close relationship. Another form which resembles 
ours is £ zvenlocki Spencer (Spencer, 1920, p 215, pi. xiv, figs 
5, 6, pi xv, figs, 2-4, text-figs 124, 127, 143, 145, 154-156) 
from the, Wenlock of Britain 5* wenlocki has, however, a much 
larger madreporite and a wide ambulacral groove 

Associates— Pleurodictyum megastomum Dun, Purcaster lep - 
tosomoides (Chapman), Sturtzura bnsmgoides (Gregory), 
Chonetes bipartita Chapman, Rhynchotrema hopleura McCoy, 
Rutroclypeus ]unon Withers 

Horizon—Silurian The above facies is distinctly Upper 

Silurian 

Locality—Collins Quarry, Kmglake West, m hard greenish 
sandstone 

SCHUCHERTIA MACRARTA, sp nOV 
(PI XII, Fig 3, Text-fig 8) 

Description—Pentagonal disc with five lelatively slender rays 
arising somewhat abruptly, tapering slightly to the distal third, 
then rapidly to the terminal plate, which is imperfectly preserved 
Ambulacral grooves relatively wide Ambulacrals broad, about 
20 m number, lectangular, opposite, with L-shaped ridges, the 
foot of the L directed along the median groove towards the disc 
Adambulacrals smaller than ambulacrals, asymmetrically lunate- 
triangular, concave towards mouth, the inner end of the lune 
being m the same line as the carina of the adjacent ambulacral, 
swollen and finely granulate The transverse axis of each 
adambulacral is not at right angles to the, median axis of the 
arm, but has its outer end directed away from the disc Infra- 
margmals elongate and rectangular and smaller than the ambula¬ 
crals, extend for about one-half the length of the arm, but have 
not been found on all the arms The oral structure has been lost 
from the cential disc, instead, is seen the inner side of the 
covering plates which are polygonal and numerous It is not 
possible to define the boundaiy between the mframargmals and 
the numerous interbrachial accessory plates, nor is the outer 
margin of the latter clearly defined, though probably concave 
Few of the mterbraclnal accessory plates extend along the arms, 
and then only for a shoit distance The arms are in conse¬ 
quence relatively slender and appear to leave the disc abruptly 

Dimensions of Holotype—R r 40 man 15 mm These 
measurements are not exact as the outer margin of the disc and 
terminal plates of the rays are not clearly shown 

Remarks—The holotype, which was found by Mr R Evans, 
is not well preserved, the interbrachial and oral structure being 
ill-defined The mframargmal plates may be seen bounding the 
arm for about two-thirds their length, which character excludes 
the genus Palastenna On the, other hand, the mframargmals 

13823 —s. 
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are not sufficiently conspicuous for Pet raster , nor aie the aims 
stout enough The closest form is Schuchertm wenlotki 
Spencer, from the Wenlock of Great Britain (Spencer, 1920, 
p 215, pi xiv, figs 5, 6, pi xv, figs 2-4, text-figs, 124, 127, 
143, 145, 154—156) The distinctive shape of the adambulacials 
is the same in both forms (vide Spencer, loc cit , figs 124, 155) 
The arms are, however, rather more petaloid than in vS 1 wenlotkh 
and the mframargmals are not so well developed In these 
respects our form shows some relationship with Palastcnna 
pnmaeva (Forbes) (Spencer, loc . cit, p 225, fig 161) The 
ratio R r is about the same m S macrarta and S zucnlocki, but 
the former is about twice as large Indeed, S’ macrarta is as 
large as the largest specimen of the American Upper Ordovician 
species, 5* laxata Schuchert (Schuchert, 1915, pp 198-9, pi 32, 
fig 1 3, pi 33, figs 2, 3, Spencer, loc cit, p 212, pi xv, fig, 1, 
text-figs 150-153). In other respects, 5 1 laxata is not closely 
related The specific name refers to the slender arms (Latin, 
macer , lean, artus , limtL 

Associates —Bylhotrepis gracilis (J Hall) Discophyllum 
mirabile Chapman (also found by Mr R Evans), Camarotoechia 
sp , Nucleosptra australis McCoy, Euomphalus sp , Conulana sp , 
? Endoceras sp , ? Ooceras sp , Calymenc sp , Encnnurus sp 
Horizon —Silurian 

Locality—Hoffman Brick Pit, Brunswick, in bluish mudstone, 
100 feet below the surface. 
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Text-figs 1-10 

* i M , 

Fig 1 —Hiulsonastcr austtahs sp nov Apical side X ,/ 

Fig, 2 —Cai actacastci yanaensis sp nuv Apical side X 7 
Fig 3 —Hiidwhastci australis sp uov Oial side X 7 ■ 

Fig. 4—r -Caractacasta van ac ns is sp nov Oial view of mleibi actual 

stmeture X 7 

Fig 5 —Ptomopalaeasiet mcudiomxhs (Fth fil ) Oial view of mtci- 
brachial structure ,X 6 

Fig 6 —Pphasta angustiar sp nov Apical side X 2 
Fig 7 —Palastenna flcnungtoncnsis sp nov Oral view of mteibrachial 
structure X 10 

Fig 8 —Schuchatia manaita sp nov «Airangement of ossicles on oral 
side m proximal region of arm X 4 
Fig 9 —Saltcraster buadiahs sp nov Oral view of portion of aim X 8 
Fig 10 —Saltcrasta buadiahs sp nov Apical view of poition of aim 
and mtcrradms X 10 


Explanation, of Plates X.-XII. 

Plate X 4 

Fig 1 —Caiactacastcr yanaensis, sp nov Oral surface of syntype, X 4 
South Yarra Colt by F P Spry Nat Mus Coll, No 377, 

Fig 2— C yarracnsis , sp nov Apical siufacc of syntype X 4 South 
Yarra Coll by F P Spry Nat Mus Coll, No 377 

Fig 3—Schuchci tia junon , sp nov, Oral surface of Jiololype X 1,5 

Collins Quarry, Kinglake West Coll and pres, by P Junor 
Nat Mus Cpll, No 13808 

Fig 4— Palastenna timbomta, sp nov. Oial surface of liolotype X 1 5 
Near Plenty Ranges,. 6 feet beneath suiface Purchased by Nat. 
Mus from Miss M E Macfarlane. No 1381Q 

Fig 5 —Promopalae aster mendionahs (Eth fil) var parvior, nov. Oral 
surface of holotype X 3 Moonee Ponds, Greet, Flenungton 
Coll, by Geol Surv,, Viet Nat Mus Coll,, Nb 13816 

Fig 6— Hndsonastcr australis, sp nov Oial surface of syntype X 15 
At the summit of an anticline in a cutting on, Yan Yean-Arthur’s 
Creek-road, J mile east of Doreen Junction Nat. Mus Coll., No 
13806 

Plate XX 

Fig, 1 — Saltcraster selwynt (McCoy), Oral side of syntype X 25 Range 
on east side of Commonage, Kilmorc, Geol, Suiv Loc Bb 23 
'Nat Mti$, Coll, No, 12207 

Fig. 2,— Saltei aster selwynt (McCoy) Apical side of syntype, X 2.5. 
( Same locality Nat. Mus Coll No, 12208 

Fig. 3~Palastenina firmingtonensis } sp nov. Oral side of holotype 
X 15. “ Flemington,” near Melbourne Nat Mus, Coll;, No 

13813. 

Fig, 4 -—Palastenna stach, sp nov Oral side of holotype X 2 Excava¬ 
tion for foundation of Herald Office, corner of Collms-place and 
Flmders-street, Melbourne, Pres, by L Stach. Nat. Mus Coll, 
No 13811. 

Fig 5 .—Saltcraster buadiahs , sp, nov. Photograph of holotype showing 
arrangement of adradials on apical side X 23 Range east of 
Commonage Reserve, Kilmore. Geol Surv Loc Bb 23 Nat 
Mus Coll, No 352. 

Fig 6—Palastenna stacht, sp nov Apical side of paratype X 2. Same 
locality as holotype Nat Mus. Coll, No, 13812 
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Plate XII. 

Fig 1— Petr aster tiny tin (McCoy), Apical side X 1 5, Wax impression 
of plesiotype From near East Kilmore Sweet Coll, Nat. Mus 
Coll, No 13815 

Fig 2— P smythi (McCoy) Apical side of holotype X 15 Moonee 
Ponds Creek, Flemmgton Nat, Mus Coll, No 7604 
Fig. 3— Schucheitia vmaarta, sp nov Oral surface imperfectly pre¬ 
served X 1 5 Hoffman Brick Pit, Brunswick Nat Mus Coll, 
No 13809 

Fig 4 —Peh aster angustior , sp nov Apical surface of holotype X 1 5 
South Yarra. Nat Mus Coll, No 374 
Fig 5— Peti aster angustior, sp nov Paratype, showing apical view of 
ambulacrals X 15 South Yarra Nat Mus Coll, No 372, 
Fig 6—IJrasterella cresszvelh, sp nov Oral side of holotype X 14 

Mudstone Quarries, Lilydale Coll and pres by Rev A W 
Cress well to Nat Mus Coll, No 13817 
Fig 7— Piomopalacastcr meridionahs (Eth fil) Photogiaph of 
Etheridge's type m possession of Australian Museum, Sydney 
X 14 
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Art XX —On some Australian Curcuhonoidea Part 2 
By CHARLES OKE 

[Read 14th December, 1933, issued separately 7th May, 1934 ] 

This article contains the description of two new genera, eight 
new species, and one new variety, with some notes on previously 
described species, and is in continuation of my first part on this 
superfamily A new genus, Ipsocossonits, has been proposed m 
the family Ipidae The typical species looks very like some of 
the true weevils, belonging to the subfamily Cossonmae, but this 
appearance is only superficial, as its characteis are ceitamly 
those of Ipidae In the family Anthnbidae a new species of 
Allochromtcis has brought this beautiful genus, hitherto known 
only from Queensland and Ndw South Wales, into the Victorian 
lists In the true weevils, a small species of Rhadmosomus is 
described, four new species have been added to the genus 
MandalotuSj a new variety of Isacantha papulosa Pasc is noted, 
and a new genus, Cisolea, has been proposed for a very 
interesting species found m Northern New South Wales, with 
only three tarsal segments, which has been rather doubtfully 
referred to the Rhypaiosommae 

Family IPIDAE 
Section MIXODENTATAE 

Ipsocossonus, n gen 

Body elongate, subcylmdric, finely pubescent. Head small, 
round, deflexed, produced into a short rostrum, with distinct, 
transverse antennal scrobes. Antennae rather short; scape 
curved, same length as funicle, funicle *of seven segments, the 
first and second elongate, the others transverse, club ovate, of 
four segments Eyes large, transverse, subelliptic, facets of 
moderate size Mandibles short and broad, trilobed on inner 
edge Maxilla with its chewing-edge furnished with spines and 
hairs, the outer edge with a few long hairs; palpi of three seg¬ 
ments Labium elongate, narrowed to apex, where there are 
three groups of long hairs, palpi of thiee segments, the first 
stout, the second small, transverse, the thud small, round. 
Prothorax longer than wide, slightly produced over head, 
hollowed on its lower-anterior edge, and deeply grooved to front 
coxae Scutellum very small, rounded behind Elytra elongate, 
striate-punctate Mesosternum very shoit, with episterna and 
epimera well developed Metasternum long, lightly sulcate down 
centre, episterna fairly wide First segment of abdomen as long 
as next three combined, second, third, and fourth subequal, fifth 



Australian Curciihonoidea 


251 


about twice the length of fourth Anterior coxae almost 
touching, intermediate well separated, posterior a little further 
apart. Legs fairly long, femora lightly compressed, tibiae 
strongly compressed and widened to apices, which are obliquely 
grooved for tarsi and strongly spurred, the outer edge strongly 
denticulate; tarsi of moderate length, the first segment longer 
than the second, second and third equal, fourth a little longer 
than first, without a basal node 

This genus is proposed for a species that has the appearance 
of belonging to the Cossonmae rather than to the Ipidae Its 
long narrow form, almost glabrous body, and the rostrum, with 
distinct scrobes, are suggestive of Cossoninae, but by the non- 
geniculate antennae, the denticulate tibiae, and the mouth parts, 
it must be referred to the Ipidae The inner edge of the maxilla 
having both spines and hairs would place the genus m 
Hagendorn’s section Mixodentatae, but it has little m common 
with the only genus placed there m Wvtsman’s Gen 
Inscctorum(S) There is no sign, even m a balsam slide, of 
the node at the base of the fourth tarsal segment, so usual m 
this family 

Genotype, L anomalus , n sp 

Ipsocossonus anomalus., n sp 
(Figs, 1-7) 

Piceous Uppersurface very sparsely clothed with short 
yellowish pubescence, except near apex of rostrum, where it 
is fairly long and plentiful; undersurface moderately clothed 
with pale ashen pubescence Subopaque The whole insect 
covered with fine criss-cross lines 

Head convex, the base with small, dense punctures, becoming 
larger and distinctly umbellicate on frons and rostrum. 
Rostrum narrower than head, lightly emargmate at apex, and 
with a distinct median carina from base to apex Antennae 
with scape a little longer than fumcle, strongly curved, clavate 
at apex, first segment of fumcle curved, thin at base, suddenly 
clavate near apex, second obcomcal, third to seventh transverse, 
increasing m width, club large, nearly length of fumcle 
Prothorax widest about apical fourth, the apex recurved, with 
angles widely rounded off, the base truncate with angles lightly 
rounded; with large, subreticulate, umbellicate punctures Elytra 
about twice as long as prothorax, base truncate, with angles 
lightly rounded off, sides parallel to apical slope, apex rounded, 
the striae with fairly large punctures, the interstices rugulose. 
Metasternum and abdomen with rather sm’all punctures on the 
disc but much larger on sides and episternae The apical segment 
of abdomen with a large, shallow impression. Legs roughly 
punctured all over, all the tibiae with three large teeth near apex 
and several small ones on outer edge Length, 4 25 mm. 

Hab Victoria Violet Town (C Oke) 
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A very distinct species from any previously described from 
Australia, or, as far as I have been able to asceitain, fiom else¬ 
where The two specimens examined weie taken from an old 
log and are almost certainly males, as the apical half of the 
metasternum has a moderately wide and deep channel and the 
apex of the abdomen is distinctly foveate 

Type m coll Oke 

Family ANTHRIBIDAE 

ALLOCHROMICIS MONTANUS, 11 Sp 
(Fig 8) 

Scarlet and blackish-brown Moderately clothed with fairly 
long, white, black, and reddish pubescence 

Head moderately convex, densely longitudinally stngose Eyes 
large, elliptic, strongly facetted Rostrum rather strongly dilated 
to apex, about twice the length of width at apex; with a fine 
median carina from base to near apex and a finer one on either 
side from base to mseition of antennae, from base to insertion of 
antennae with fine reticulate punctures, becoming substngose 
near apex Antennae moderately stout, second segment same 
thickness as, and longer than visible part of first, longei and 
stouter than third, third to sixth decreasing, seventh and eighth 
increasing again, eighth about as long as wide, ninth and tenth 
suddenly much wider, subequal, eleventh one and a half tunes 
as long as tenth, bluntly pointed Prothorax widest at subbasal 
carma, where it is equal to the length; subbasal carina arcuate, 
nearer base m centre than on sides Elytra wider than 
prothorax, with a shallow, oblique impression across basal fourth, 
with rows of large punctures m feeble striae, the interstices with 
fine close punctures Undersurface of rostrum and prosternum 
with close, large punctures, metasternum and abdomen with 
sparse, fine punctures Lengthy 4 mm. 

Flab Victoria • Warburton, Mount Donna Biung at 4,048 feel* 
(C Oke) 


(Figs 1-20) 

1-7—Ipsocossonus anomalus, n sp 1 Imago 2 Antenna 3 Maxilla, 
4 Two spines of maxilla 5 Labium 6 External portion of mandible 
7 Part of intermediate leg 

8 AUochromicis montanus, n sp 9 Rhadinosomus parvus, n, sp. 10. 
Antenna of same 11 Antenna of R lacordairei Pasc 
12-20—Parts of legs of male Mandaloti, except 18, which is of a female. 
12-14, M luciphilus, n sp , 12 Anterior 13 Intermediate 14 Posterior 
(inner side) 15-16 M exihs, n sp 15 Anterior 16 Posterior 17-20. 
M sternocerus Lea 17 Anterior 18 Anterior (female) 19 Posterior. 
20 Posterior femur 
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The type when alive was blight scarlet and piceous, and still 
is when wetted, but oidmarily the bnghtei colour has faded to 
salmon The prothorax is daik, except the apex and centre of 
base of pronotum, there is a black band around the ccntie of 
each femur and the apices of the tibiae ate miuscated, as also 
are the ninth and tenth segments of antennae The daik 
markings on the elytra aie the suture and two interstices fiom 
base to basal third, fiom the outei edge of which an oblique 
fascia runs towards the apical thud of maigm, but docs not 
quite attain the margin, and part of the apical declivity is 
infuscated The abdomen is convex throughout 

This species is nearer A hifasciatus Lea(3) than the othei 
two described species, but the apical segment of antenna is paler 
than tenth, the elytral mai kings and its puncttiration arc also 
different In the present species all the larger punctures on the 
the elytra are m rows. 

Types m coll Oke 

Family CURCULIONIDAE 
Subfamily BRACHYDERINAE 

Rhadinosomcs parvtts, n sp 
(Figs 9, 10) 

Dark reddish, with head, rostrum, abdomen, antennae, tarsi, 
and apical mucros of elytra piceous Moderately clothed with 
thin, elongate, whitish scales, these becoming round on sides of 
elytra, where they are condensed m the middle into a shoit 
oblique vitta 

Head lightly widened from base to eyes, where it is strongly 
impressed; with large, round, rough punctures Rostrum dilated 
to apex, punctures as on head Antennae with scape strongly 
curved, clavate at apex, fumcle with first segment curved and 
longer than second, second to sixth stibcqual, seventh much 
wider and clasping club, club as long as three preceding com¬ 
bined. Prothorax subeylindne, incurved on sides from base to 
near coxae; with fine, transveise strigosity and a few large 
punctures on anterior portion Elytra widened from base to 
about middle and then abruptly nan owed to apex; apex of each 
elytron produced into a fairly long mucro, striae with rows of 
close punctures, wider than the interstices Length, 5 50 mm 

Hab Hew South Wales"'Dorrigo (C Oke) 

Distinguished from R , lacordairei Pasc (7) by its small size 
and antennae and from R. frater 131 (1) (which Lea(2) thought 
was the same species as Pascoe’s) by its antennae and the head 
impressed between the eyes Numeious specimens were seen on 
a small, rather prickly, shrub 

Types m coll Oke 
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Subfamily LEPTOPINAE 
Mandalotus sternocerus Lea. 

(Figs 17-20) 

Lea, Proc Linn Soc NSW, In, p 357, 1927 

This species was noted as from Victoria only A pair, one 
of each sex, which I took near Ballarat, agree with the descrip¬ 
tion m all particulars But the hind femora might easily be 
considered as dentate at the apex, m fact they are more so than 
m some species of the Cryptorhynchmae Figures are given for 
comparison with other species. 


Mandalotus decipiens Lea 
Lea, Trans Roy Soc S' Aust, xxxvi, 1914 

I obtained a single male of this species right on top of Mount 
Kosciusko, New South Wales It is evidently an alpme form 

First record for New South Wales 


Mandalotus graminicola Oke 
Oke, Proc Roy Soc Vic (ns), xlm (2), p 186, 1931 

Lea gave this as a synonym of his M rufipes( 6), but m this 
I think that he was m error, and that it is more likely that M 
rufipcs Lea and M denticulatas Lea are the same species 

In M graminicola Oke the pronotum is less dilated than m 
M denticulatus Lea, and the females of the latter are larger 
than those of the former Lea described the separation of the 
front coxae m M dcntuulatus as touching, and I took that as 
my guide m so describing M, graminicola , as the front coxge are 
the same m the two species, taken male to male and female to 
female, m the lattei sex they are a little further apart Lea did 
not have a female of my species when he wrote his note For 
the present the three names must stand 


Mandalotus medcoxalis Lea 
Rcc S A Mus , m, p 179, 1926 

In the description of this species Lea said, “ hmd (tibiae) 
with an oblique ridge on lower surface and m the note below 
“ The ridge on the hind tibiae fiom the sides appears as a small 
tooth,” and was so noted m the key(4) The illustration (5) 
shows quite a distinct sharp tooth. I obtained three males at 
Dorngo, the type locality, only one of which could be said to be 
dentate, the second is distinctly ridged, while the third is so 
indistinctly ridged that it is scarcely traceable 
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Mandalotus foveatus Lea 
Tians Roy Soc SA , xxxvi, p 76, 1912 

By a curious coincidence I obtained seven specimens of this 
species, at Dorngo, the same number that Mr Caitci found at 
Guyia They all agree with the description In all cases the 
pronotum has the appealance of being abiaded, with the gianules 
very distinct and sliming, which must be the natural condition 


Mandalotus obltquus, n sp 
(Figs 21-22) 

Piceous, fumcle, club and tibiae diluted with led, tarsi almost 
flavous Densely clothed with oclneous and light-brown scales, 
interspersed with stout, cuived setae, antcnoi tibiae with fine, pale 
cilia 

Male —Rostium stout and strongly curved; canna, if piesent, 
not tiaceable through clothing Antennae of model ate length, 
scape strongly curved and dilated at apex, fumcle with first 
segment longer than second, second as long as next two com¬ 
bined, club subfusiform, about the length of four pieceding 
combined Prothorax tiansverse, widest about middle, lightly 
bilobed on sides, surface veiy uneven and subtubci culate, with 
an impression on either side of middle near apex and anothei 
near base Elytra evenly aicuate at base, but fiom behind 
appearing to be mtenupted by the bases of the thud and fifth 
interstices, shouldeis lightly produced, behind which stiongly 
notched to subhumeial process and evenly narrowing from 
process to apex; strongly tuberculate; with punclmes m stiiae 
appearing narrower than interstices, through clothing. Meta- 
sternum shorter than usual and incurved at apex; lightly 
concave Basal segment of abdomen strongly raised in middle, 
where it is highly polished and with a carina on either side and 
a more strongly raised one near apex, obliquely directed forwaul, 
forming three sides of a square. Anterior and intermediate 
coxae widely and equally separated All tibiae dilated and 
spurred at apex, anterior rather strongly curved; postcrioi with 
a small tooth on inner side near apex 

Female —Differs m being smaller, less strongly tubeiculate, 
anterior tibiae not so widely cuived and posterior without sub- 
apical tooth, and abdomen simply convex. Length-Male, 
54 mm ; female 44 mm 

Hab New South Wales, Dorngo (C Oke) 

A very distinct species, not closely allied to any described 
one, and hence difficult to place m the Key (4) but could be 
taken as far as DD, gg, m From the species placed there it is 
easily separated by its tuberculate pronotum and elytra 
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The tubercles on the elytra are, on first interstice a senu- 
eonjomed one on edge of apical slope and a slightly larger one 
half way down apical slope, on third interstice an elongate one 
on base (largest on efytra) a post median (second largest) and 
a small one on edge of apical slope, on fifth a small one on 
the base and a small antemedian, on sixth a fairly large one 
on edge of apical slope and one, slightly sharper, down the slope, 
on margin of elytra, on seventh a small one just behind the 
shoulder and a small submedian 

Types m coll Oke 

Mandolotus luciphilus, n sp 
(Figs 12-14 ) 

Blackish-brown, legs and antennae diluted with red Densely 
clothed with muddy-brown scales, interspersed with pale, curved 
setae, anterior tibiae with soft, short setae, but not ciliate 

Male —Rostium short and stout, median carina not traceable 
Antennae fairly long Eyes lather small and lound Prothorax 
lightly transverse, widest about apical third, thence gradually 
decreasing to base and suddenly to apex, suiface moderately 
uneven Elytra conjointly arcuate at base, rather suddenly 
widened to subhumeral process and then evenly narrowed to 
apical slope, suture postenorly and parts of odd interstices 
lightly elevated; punctures m striae appearing small through 
clothing, but mostly obscured Metastemum and basal segment 
of abdomen widely, but not deeply, depressed Front and middle 
coxae narrowly and equally separated, the middle coxae ridged 
and produced into an oblique tooth Antenor tibiae thickened 
to basal third then obliquely cut away and again, smuately, 
thickened to apex, which is spuired, on the hollowed part it is 
loughened or feebly denticulate Intermediate tibiae sharply 
dentate at apex, posterior lightly arched, with three caimae near 
apex Length, 4 25 mm 

* Hab New South Wales Paterson (C Oke), attiacted to camp 
light 

The pronotum before abiasion appears to have about nine 
sub-tubercular swellings On abrading a small part of pronotum 
it was seen to have fairly numerous, but feebly defined, nodules, 
without any definite airangement 

The anterior and intermediate coxae narrowly and equally 
separated seems to make a new section, NNNN, necessary for 
this species If it be referred to NN it would fall beside 
M tibialis Lea, which is a very different species It is closer 
to the description of M oxyomus Lea and M medianus Lea, 
but with prothoracic granules not transversely arranged and 
tibiae different. 

Type (unique) m coll Oke 
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Mandalotus exilis, n. sp 
(Figs 15, 16, 23 ) 

Black, antennae and legs reddish Densely clothed with dingy, 
variegated scales, interspersed with short, cmved, stout setae, 
undersurface with very short, sparse pubescence. 

Male —Rostium stout and cuived, median caima obsolete 
Antennae model ately long Prothorax tiansvcrse, stiongly 
rounded on the sides, without a median impression, with fanly 
distinct granules, even before abrasion, showing a lather feeble 
transverse airangement Elytra conjointly arcuate at base, sub- 
humeral notch very faint, evenly narrowing to apex, interstices 
feebly raised, striae with punctuies appealing small through 
clothing, but on abrasion seen to be as [wide as interstices Undei - 
surface -with rather small, distinct punctures Metasternum and 
basal segment of abdomen with a wide and fairly deep impres¬ 
sion, this bounded behind by a short, straight carina, almost at 
apex of segment, the ends of the carina produced into small 
points Anterior and intermediate coxae equally, and rather 
widely, separated Tibiae spurred at apex, anterior appearing 
bismuate from the sides, with the apical sinus longer and deeper 
than the basal 

Female —Differs m having the prothorax nanowci, the elytral 
punctures smaller, the abdomen convex and without a carma, and 
the anterior tibiae less sinuate Length, 2.50-2 70 mm 

Hah Victona Bendigo (C Oke), Castlemame (Ii Nye) 

In the Key(4) falls beside M recticannatus Lea, from which 
it differs m not having a medial impression on pronotum and m 
having the impression on basal segment of abdomen From some 
directions there appears to be a distinct tubercle at either end 
of the abdominal carma, but from other angles they aie seen as 
part of the carma itself. 

The sides of the prothorax are whitish on all the specimens, 
and on the types there is a white villa dawn each elytron, but 
these are not so noticeable on two other females from Bendigo, 

Types in coll Oke 

Mandalotus lucaris, n sp 

Piceous, appendages diluted with red. Rather densely clothed 
with muddy-brown, yellowish, and greyish scales, giving a 
variegated appearance, but not forming any definite pattern; 
interspersed with numerous short, curved setae. 

Male —Rostrum short and constricted near base Eyes fairly 
large, separated by about the width of an eye. Antennae of 
moderate length; first segment of fumcle thin at base and 
suddenly swollen near apex, where it is much wider than second, 
second shorter than first, the others transverse, club of moderate 
size Prothorax lightly transverse, surface not visible through 
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clothing, but on abrasion, finely and closely punctate Elytra feebly 
insinuate at base, lightly widening to apical slope, then suddenly 
narrowed to apex, suture lightly raised posteriorly, punctures 
appearing small through the clothing, but wider than the inter¬ 
stices Metasternum and basal segment of abdomen with a 
fairly large impression common to both and bounded behind 
with a short, curved canna on apex of segment Anteiior coxae 
moderately separated, but less than intermediate pair All tibiae 
obtusely spurred at apex, anterior lightly curved near apex, 
posterior thinned on inner side near, then clubbed at, apex 

Female —Differs m being a little wider acioss elytra, m the 
metasternum and abdomen being convex and without a carina, 
and the posterior tibiae not thinned near apex Length, 
2 30-2 7 5 mm 

Hab New South Wales Dorrigo (C Oke), under decaying 
leaves m a small grove 

In the Key (4), this would be placed at DD ss with M black - 
burnt Lea, which is a much larger and very different species 
It is of about the same size as M exihs , n sp , but the prothorax 
of the latter has distinct gianules and a very different carina, 
and its anterior coxae are further apart 

Types m coll Oke. 

Subfamily RHYPAROSOMINAE 

Gisolea, n gen 

Body short, robust, squamose and setose, apterous Head 
subglobular, shagreetied on base Rostrum rather short, stout, 
and arcuate; with a mtid triangular space on apex. Submentum 
with a short, broad peduncle Mandibles protruding a little, 
pmcer-shaped, toothed on inner edge Scrobes deep, showing on 
upper surface m front of antennae, but not quite reaching the 
buccal fissure, and running obliquely to lower margin of eyes 
Antennae with scape curved, moderately thickened to apex, 
passing eyes, funicle of seven segments, club fairly large, of 
three segments, closely united, the first longer than the others 
combined, with fine pubescence Eyes small, oval, coarsely 
facetted Prothorax subquadrate, ocular lobes wanting, the 
antero-infenor margin lightly hollowed Scutellum not visible 
Elytra strongly clasping the body, widei than prothorax, sinuate 
at base Mesosternum short, with its mtercoxal process of 
moderate size, prominent, declivious to apex, episterna large, 
epimera very small, produced to a sharp point m front Meta¬ 
sternum short, with its episterna narrow Abdomen with first 
and second segments long, first a little longer than second; third 
and fourth very short, equal; fifth a little longer than two 



260 


Charles Oke 


preceding combined Anterior coxae almost touching, inter¬ 
mediate well sepaiated, postenor widely separated Legs of 
moderate length, femora thickened m middle, tibiae arcuately 
widened and strongly spurred at apex, the postenor corbells 
open, tarsi with three segments only, the first obcomc, the second 
almost globular, the third dilated, tiansverse, 'with a slight 
impression on its upper surface, taisi spongiose beneath 

This genus is proposed for a small dmgy weevil found in leaf 
debris which, at a glance looks like a Mandalotns , to which genus 
the late A M Lea considered it was closely allied, but its mouth 
is certainly not adelognathus It hardly seems correctly placed 
in Rhyparosommae, as all the tibiae are distinctly mmcronate, 
but it is less out of place there than m the other subfamilies, 
having the short metasternum 

The genus is dedicated to the memory of the noted Austiahan 
entomologist, Mr A M Lea 

Genotype, C umbraiihs, n sp 

ClSOLFA UMBRATILIS, 11 Sp 
(Figs 21-28 ) 

Black, m paits diluted with red, antennae and taisi ieddish 
castaneous Densely clothed on uppersurface, prosternum and 
legs with ferruginous scales interspersed with fairly long, coarse, 
curved setae; metastemum and abdomen moderately clothed with 
short, pale setae or pubescence 

Male —Head and rostrum with rather fine lugose sculpture 
Rostrum dilated to apex; with a rather nairow, but deep, sulcus 
from base to beyond insertion of antennae, and a finei one on 
either side, extending slightly on to the head Antennae with 
scape slightly passing eye, distinctly thickened from middle, first 
segment of fumcle the length of the next three combined Pro¬ 
thorax transverse, widest before middle, much narrowed to apex, 
base rounded, lightly ridged down centre and with a transverse 
impression near apex; with large, deep, reticulate punctures, 
Elytra strongly trismuate at base, widened from base foi about 
a fourth of their length and then suddenly nan owed to apex, 
in places subtuberculate and with transverse ridges, the base of 
the third interstice raised, and the basal edge of the elytra 
narrowly reflexed, the striae with large, close punctures, nearly 
as wide as the interstices, the intei stices with fine, close 
punctures The whole undersurface with large, deep, reticulate 
punctures Front coxae touching Metasternum and basal segment 
of abdomen with a large and fairly deep impression, which is 
lightly carried on to the second segment All tibiae dilated and 
spurred at apex, the anterior and intermediate fairly strongly 
scooped out near apex and the posterior thinned there 
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Female —Differs from the male m being a little wider, with 
the elytra not nearly so uneven and the metasternum and 
abdomen gently convex Length, 3 50 mm 

Bab New South Wales Dorrigo (C Oke) amongst decaying 
leaves in a dark and densely vegetated gully 

The whole upper surface is so densely covered by the scales 
that the sculpture is not visible before abrasion, and so one 
specimen has been completely denuded On the lower surface 
each puncture has a pale, shining seta m its centre 

Types m coll Oke 



Figs. 21-30 


21 Mandalotus obliquus, n sp 22 Same, ventral surface 23 Carina 
on abdomen of M exilis, n sp, 

24-30 Cisolea umbratilis, n. sp 24 Dorsal view 25 Side view 
26 Part of intermediate leg 27 Antenna 28 Apex of rostrum 
29 Maxilla 30 Mandible 
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Subfamily BELINAE 

ISACANTHA PAPULOSA PaSG var NIGRA, 11 vai* 

Some specimens from the Victorian Mallee represent a distinct 
variety of this well-known species Specimens from New South 
Wales are distinctly reddish-brown, but all the Victorian ones 
are black and have the granules on pronotum and elytia slightly 
larger The clothing of elytra is of two colours as m typical 
specimens, the dark-brown being of the same shade, but the pale 
patches vary from whitish, in some, to daik yellowish-brown 
in others 

Hah Victoria Gypsum (J E Dixon , C Oke ) 


Subfamily CRYPTORHYNCHINAE 

Nyella tuberculata Oke 

Proc Roy Soc Vic (ns), xlm (2), p 200, 1931, 

The following is added to the original description,— 

On detaching the head fiom a specimen mounted on its back 
a wide, distinct, pectoral canal becomes evident, though it is 
evenly clothed with the rest of the prosternuiu. The canal is 
bounded by ridges that terminate between the front coxae 
Behind the coxae the mtercoxal process widens out, continues as 
a broad plate between the middle coxae and actually touches 
the metasternum, completely taking the place of the intercoxal 
process of the mesosternum, though the episterna 1 and epimera 
of the latter are unusually large The prosternUm and meta¬ 
sternum are actually m contact, as previously illustrated in fig: 6 h 
(loc cit>), the former having a narrow groove along its basal 
edge which receives the metasternum On the inner side of each 
intermediate coxa there is a small projecting process which clasps 
the prosternum, oil its'outer surface The metasternum of the 
male .has a rather shallow depression which dilates posterioily 
and is'continued on To the abdomen The third and fourth 
segments of abdomen are curved at the sides All the femoia 
are grooved, the front and middle ones are dentate, the hind onevS 
edentate. On the pronotum there is a loosely compacted fascicle, 
but it is easily abraded and is only distinct on one of the speci¬ 
mens in front of me, though indicated on some others The 
claws are simple and smaller than on any other weevil, of its 
size, that I have seen 

By having its prosternum with a short canal this genus should 
apparently be referred to the Cryptorhynchinae, as now defined, 
but the displacing of the mesosternum and the small, almost 
hidden, claws are most unusual features 
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[Proc Roy Soc Victoria 46' (NS), Pt II, 1934] 

Art XXI —Notes on some Tertiary Leaves from Pascoc Vale 

By HELEN T PATERSON, B A 
(With Plates XIII and XIV ) 

[Read 14th September, 1933, issued separately 7th May, 1934] 


Source of the Material. 

Some of the leaf remains from a TeiUaiy deposit collected, m 
conjunction with Mr W Planks, from the Moonee Ponds Cieek 
during 1933, are m a fanly good state of preservation, and seem 
to be of sufficient interest to put on lecord 

The leaf impressions are generally of a light-broWn colour, 
though m some instances they vary fiom a light to dark grey 
The venation m seveial of the leaves is very distinct So far, 
not many perfect specimens have been found, but portions of 
leaves and stems are often so thickly intermingled as to make 
identification impossible The soft and crumbling nature of the 
rock made the handling of these specimens somewhat difficult 

The leaves belong to a vegetation chiefly of the biush type, 
though among them are forms lesembling those of Eucalyptus 
and Banksia Three minute compressed leaves were discovered 
between the layers of brown pipe-clay (Plate XIII, fig 4 ) 
They are so small that identification is difficult, but they lesemble 
Eucalyptus and Nothofagus 

It is unsatisfactory to attempt to catalogue many of the fossil 
plants according to their generic relationship on the evidence of 
the leaves alone; as more fruits and stems are found in this 
deposit, however, better proof will be forthcoming The naming 
of these specimens may therefore be open to futuie corrections. 

The following are the determinations now made on these leaf 
remains from Pascoe Vale — 

Nothofagus cf Matdent (Deane) 

N cf Benthami (Ettmgshausen) 

N cf Mueller (Ettmgshausen) 

Ficomum mtidum, sp nov 
Magnolia microphylla, sp nov 
Lomatia cf Brozvmi Ettmgshausen 
Nephehtes cf berwickense Deane 
Pomadems Banksn Ettmgshausen 
Bombax Mitchelli Ettingshausen 
Eucalyptus Kitsom Deane 
cf Cordia tasmanica Ettmgshausen 
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Description of the Leaves. 

ANGIOSPERMEAE (DICOTYLEDONES) 
FAGACEAE 

Nothofagus c£ Majdeni (Deane) 

(PI XIII, fig 3 ) 

Fagus Maidem Deane, 1902, p 30, pi vn , fig 10 

Fagus ( Nothofagus ) Maidem Chapman, 1921, p 118, pi vm , fig 3 

Observations —The upper surface of the leaf is shown, 
measuring 60 mm long and 22 mm wide Surface smooth and 
of delicate texture In shape nanowly ovate and oblique at 
the base Midrib straight, lateral veins nearly so, extending to 
the points of the teeth on the serrate margin and at an angle of 
35° from the midrib The leaf has the general characters of the 
Fagus group and closely resembles that figured by Deane from 
the Berwick leaf-beds 


Nothofagus cf Benthami Ettmgsliausen 
(PI XIII, fig 5) 

Fagus Benthami Ettmgshausen, 1888, p 119, pi x, fig 9 
Deane, 1902, pi xvn, fig 5 

Observations—This specimen shows a thm-textured leaf (not 
figured), 76 mm long and about 25 mm wide The margins are 
not well preserved, but there is sufficient evidence to show that 
they are distinctly denticulate The lamina narrows towards the 
base, which is slightly obtuse, showing a petiole about 9 mm in 
length The secondary veins arise at an acute angle from the 
midrib and are about 8 mm distant from each other; tertiary 
veins are at right angles to them The fact that several 
Nothofagus fruits have been found resembling N Benthami (see 
fig 5) seems to justify the placing of this fossil provisionally 
under that species 

Nothofagus cf Muelleri Ettmgshausen 
(PI XIII, figs 1, 2 ) 

Fagus Mucllen Ettmgshausen, 1888, p 117, pi x, figs 3-7, 7a 
Deane, 1902, p 29, pi vn., fig 8 

Observations —These leaf impressions, upper and lower sur¬ 
faces, are almost perfect and remarkably distinct They resemble 
the figures recorded by Deane from Wilson's quarry, Berwick, 
as well as those given by Ettingshausen in his “ Contributions to 
the Tertiary Flora of Australia,” cited above, from Vegetable 
Creek, New South Wales 
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Nothofagus Wilkinsoni Ettmgshausen 
(PI XIII, fig 7 ) 

Fagus Wilkinsoni Ettmgshausen, 1888, p 32, pi n, fig 1 

Observations—The present occurrence is a well-pieserved 
leaf, referable to the above species It agree.s m size, venation, 
and other characteristics with Ettmgshausen’s figuied example, 
which comes from Dalton, near Gunning, New South Wales 

Family MOREAE 
Ficonium nitidum, sp nov. 

(PI XIII, fig. 6) 

Observations—-This specimen shows a perfect impiession of 
a leaf about 55 mm long and 17 nun wide, recalling Picomum 
Solanden Ettmgshausen (1885, p 38, pi m, fig 4), but of a 
neater type The substance of the leaf is firm, matgm entire, and 
with a strong, straight midrib, m the secondary veinmg there 
is much irregularity and the tertiary veins are quite incon¬ 
spicuous The base of the leaf is very narrow compared with 
F. Solanden, and the apex is roundly acuminate, instead of 
sharply pointed as m that species 

Family MAGNOLIACEAE 
Magnolia microphylla, sp nov 
(PL XIII, fig 8) 

Observations—This specimen, not quite perfect, is a large 
ovate, thick-textured leaf, with a firm and entire margin The 
strong midrib narrows to the apex, and the secondary veins, 
which are distinct, are placed at unequal distances from each 
other, slightly curved and fiexuose The tertiary veins are 
feebly shown. This type of leaf may be compared with Magnoha 
Brownvi Ettmgshausen (1888, p 59, pi v, fig 7), but is of 
smaller dimensions and has more widely spaced secondary veims. 
The type measured, when complete, arc. 10 cm., with a width 
of 5 cm 


Family PROTEACEAE 
Lomatia cf Brownii Ettmgshausen 
(PI XIV, fig 9) 

Lomatia Brozvnn Ettmgshausen, 1888, p 135, pi xil , figs 4-5* 
Observations —This leaf bears a fairly close resemblance to 
the type figured by Ettmgshausen. The actual apex is missing 
but apparently tapeied, the base is narrowed Texture thick, 
midrib strongly marked, whilst the lateral veins are distinct and 
run acutely from the midrib, reaching the margins at the points 
of’the denticulae Tertiary veming is very distinctly reticulate* 
Length of leaf about 75 mm when complete, and width 26’mm 
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In certain characters this leaf also resembles Lomatia reticulata 
Deane (1902, p 28, pi iv , fig 8), but m that species the marginal 
teeth are more widely spaced and u regular than m Lomatia 
Brozmui , to which this specimen is provisionally referred 

Family SAPINDACEAE 
Nephelites cf berwickense Deane 
(PI XIV, fig 10) 

Nephelites bei wickense Deane, 1902, p 23, pi vi, fig 9 
Observations—The leaf somewhat resembles Quercus Dam - 
fieri Ettmgshausen (1888, pi ix , fig IS), and also that of 
Nephelites denticulata figured m Deane’s “ Tertiary Leaves from 
Bungoma ” (1902, p 16, pi xvi, fig 5) The eccentric midrib 
might even suggest its being the portion of a compound leaf 
The margin is dentate towards the apex, whilst the midrib is well 
marked with secondary veins The general characteristics link 
it with species of the living genus Nephelntm 

Family RPIAMNACEAE 
Pomaderris Banksii Ettmgshausen 
(PI XIV, fig 11 ) 

Pomade)) is Banksn Ettmgshausen, 1888, p 165, pi xiv, fig 10, 
pi xv, figs 1-2 

Observations—A perfect firmly-textured leaf is comparable 
with the above species, the leaf is oblong m shape, with the 
margin slightly waved or even dentate Midrib prominent, 
secondary veins curving out and ascending to the margin; 
tertiary veins run transversely to the leaf axis and are very fine, 
flexuous, and anastomosing The leaf is about 85 mm long and 
17 mm wide Ettmgshausen’s specimens were recorded from 
Vegetable Creek, New South Wales 

Family STERCULIACEAE 
Bombax Mitchellx Ettmgshausen 
(PI XIV, fig 12) 

Bombax Mitchelh Ettmgshausen, 1888, p 61, pi vi, fig 3 
Observations —This leaf resembles the one figured by 
Ettmgshausen from Dalton, New South Wales The present 
example shows a portion of a large obovate leaf, of rigid 
texture, with an entire margin and a strongly contracted base 
The midrib is straight and prominent; the secondary veins are 
distinct and of unequal strength, being stouter at the base, they 
ascend to the margin m a more or less bold curve The tertiary 
veins are branched and have acute angles The development of 
the leaf is not symmetrical; its form closely compares with those 
previously figured from Dalton, near Gunning, New South 
Wales 
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Family MYRTACEAE 
Eucalyptus Kttsoni Deane 

Eucalyptus Kttsoni Deane, 1902, p 25, pi iv , figs 5, 6, 7 

Chapman, 1926, p 185, pi xm, fig 6 Maiden, 1922, p, 188, pi 
ccxxm, figs 100-c 

Observations—Poition of a linear leaf was found, showing 
the mtra-marginal vein close to the edge The lateral veins 
are fine, close together, and parallel, as they proceed from the 
midrib, though indistinct The leaf also resembles E. Hayi 
(Ettmgshausen, 1888, p 171, pi xv , figs 4-5) in ceitam features, 
but on comparing it with the specimens of E Kttsoni, recorded 
from Berwick and Narracan, the resemblance is seen to be 
closer to the latter species, since the lateral veins are much more 
crowded and longer than m E Hayi The veins also leave the 
midrib at a more acute angle than m E Her mam (Deane, 1902, 
p 25, pi iv, figs 3-4) 

Family BORAGINEAE 
cf Cordia tasmanica Ettmgshausen 
(PI XIV, fig 13) 

Corcka tasmanica Ettmgshausen, 1888, p 54, pi v, fig 3 

Observations *—An imperfect leaf occurs here, the identity of 
which is m some doubt In shape and veming it apparently 
resembles the above species, but being incomplete it can only 
provisionally be referred to this form The original record was 
from the estuarine deposits of the River Derwent, Tasmania 


Summary, 

The Moonee Ponds leaf-beds occur under the Older Basalt, and 
form part of the Tertiary strata extending from North Essendon 
to Heidelberg These beds consist of sand and leaf-beaimg 
clays, with the Newer Basalt cutting through m places 

It is interesting to note in this newly discovered leaf-bed that 
some of the impressions found closely resemble types of leaves 
recorded from Berwick and Narracan Fragments of Cmna - 
momum and Laurus also occur, and it is possible that complete 
forms will also be found similar to Cwmcimomum polymor- 
phoides. These facts tend to indicate that this leaf-bed belongs 
to the same pre-Older Basaltic series as the tertiary deposits 
described from Berwick and Narracan by Henry Deane and F 
Chapman 

In conclusion I should like to thank Mr F Chapman for his 
invaluable help in the preparation of these notes, and Mr A. A 
C Carter, who kindly photographed the specimens 
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Plaif XIII 
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nat size 
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Fig 5 —Fruits, (a & b) cf Nothofagus Bcnthami Ettmgshausen Nat. 
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Fig 6— Ficomum mtidmn, sp nov Nat size 

Fig 7— Nothofagus Wxlkmsom Ettmgshausen Circ nat size 

Fig 8— Magnolia microphylla, sp nov Circ nat size 

Plate XIV 
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Melbourne, 1934 

The year 1934 maiks the centenaiy of the settlement of 
Victoria, an event which is being widely celebrated by the 
Government and citizens It has a further significance, however, 
for the Royal Society of Victoria, since the eightieth volume of 
the publications of the Society is appealing contempoianeously 

Eighty years ago, about the middle of 1854, the Victorian 
Institute for the Advancement of Science and the Philosophical 
Society of Victoria were founded m Melbourne A year latei, 
they combined under the name of Philosophical Institute of 
Victoria, which body was granted a Royal Charter, and became 
the Royal Society of Victoria m 1860 The only alteration since 
that date has been the absorption m 1882 of the first Microscopical 
Society of Victoua, which thereupon ceased issuing its Journal 
It should be noted that the present Microscopical Society of 
Victoria has no connexion with the Royal Society of Victoria, 
except that it meets m the same building 

No general index to the vanous publications has ever been 
published, though m 1861 Tables of Contents for the first seven 
volumes were printed m Transactions (8vo ), vol v (1860) 
Much trouble has been caused by this lack of an index, especially 
owing to the inability of research workers to locate quickly any 
desued paper among the fifteen hundred papers and reports 
Pending the appearance of a general index, this Author Index 
is submitted 

In it, Reports of Committees are indicated, but all Presidential 
Addresses, Reports of Sections, and Annual Reports of the 
Council are omitted In the case of papers m the early volumes, 
reference to the Proceedings of the monthly meetings will 
usually produce additional information The only current 
publication is the Proceedings. 

Beneath is a list of the publications which have been printed, 
together with the respective abbreviations used m the following 
pages (shown m square brackets) — 

Victorian Institute for the Advancement of Science 
Transactions and Proceedings Vol I (1854-55) 
[“ Tr & Pioc Viet Inst”] 

Philosophical Society of Victoria Transactions Vol I 
(1854-55) [“Trans Phil Soc”] 

Philosophical Institute of Victoria Transactions Vols 
1-4 1855-56—1859 [“Trans Phil Inst.”] 
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Royal Society of Victoria— 

Transactions and Proceedings (Vol v entitled Transac¬ 
tions ) (8vo) Vols 5-24 1860-1887 [“Trans 

(8vo ), v. and Tr & Proc , vi -xxiv ”] 

Transactions (4to ) Vols 1, 2, 3 (Pt 1 only was pub¬ 
lished), 4, 5 (Pt 1 only), 6 1888-1914 Publication 

discontinued [“Trans”] 

Proceedings (New Series) (8vo ) Vol 1 (1888)—46 
(1934) Publication continuing [“Proc (ns)”] 
Microscopical Society of Victona Journal (Vol 1, Pt 1, 
entitled Quarterly Journal). Vols 1 (Pts 1-4), 2 
(Pt 1), title page, and index (all published) 
1879-1882 rjomn”] 
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[Proc Roy Soc Victoria, 47 (N S ), Pt I, 1934] 

Art I — Notes on the Histology of the Alimentary Canal in some 
Australian Termites 

By JEAN L SUTHERLAND, M Sc 
(With Plates I and II ) 

[Read 8th March, 1934, issued separately, 22nd December, 1934] 

Introduction. 

Observations on the alimentary canal of Metatermitidae of the 
genus Eutermes show several peculiar features which seem to have 
been overlooked m the most complete previous account, that of 
Holmgren (1909) It is the purpose of this paper to recapitulate 
Holmgren's description, to describe the structures which he did 
not mention, and to compare them with analogous structures, if 
present, m termites of other families 

The classification adopted is that of Holmgren 

The order Isoptera is divided into four families — 

Mastotermitidae (type Mastotenues), Proternutidae ( Archo - 
termopsis , Calotennes , Porotermes , Stolotermes ) Meso- 
temntidae {Coptotcrnics) , and Metatermitidae 
{Eutermes) 

Method. 

Longitudinal and transverse serial sections, usually 10fx thick, 
were cut of alimentary canals dissected out and fixed m Bourn or 
corrosive acetic Delafield's haematoxylm and Heidenham’s iron 
haematoxylm, with or without an eosm counterstam, were the 
most generally satisfactory stains, occasionally picric acid was 
used to show chitmous structures Unstained alimentary canals 
mounted whole were useful for observing the demarcation of 
the various regions 

General Features of Alimentary Canal. 

The alimentary canal of a termite may be divided externally 
into the following regions — 

(1) Fore-gut, consisting of pharynx, oesophagus, crop and 

gizzard Posteriorly the fore-gut may be mvagmated 
into the mid-gut, the mvagmated portion and the 
tube immediately anterior to it being termed by 
Holmgren the “collum” and by Imms (1919) the 
“ oesophageal valve ” 

(2) Mid-gut , the posterior boundary of which is marked by 

the opening of the Malpighian tubes 

(3) Hind-gut, which can be divided into five parts — 

(a) A narrow tube of varying length, extending 
from the end of the mid-gut to the pos¬ 
terior curvature This division is particu- 
* larly long m Metatermitidae, but short in the 
other three families 

2.8 (C»8 r-M 
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( h ) The region extending from the postenor 
curvature to the gieatly dilated “ large intes¬ 
tine ” of Imms The walls of this pait of 
the gut aie veiy musculai, deeply folded, 
and hear numerous chitmous spines The 
great development of musculai coats sug¬ 
gests that the final subdivision of food 
occurs here, this region which is called by 
Imms the “ pyloric valve ” has been termed 
in this paper the postenor gizzard 

(c ) The large intestine named by Holmgren the 

“ Hmterdarmblase ” is a large thin-walled 
sac projecting to one side of the intestine 

(d) A nanow tube leading from the large intestine 

to the slightly expanded rectal portion 

(e) Rectum 

As types of the family Metatermitidae Eutcnncs dixoni f and 
E exitwsus, which very closely resembles it, have been used 

These species agree m most particulars with Eutermes chaqui - 
mayensis as described by Holmgren, but show some interesting 
and characteristic structures which are not mentioned m his 
account 

Macroscopic Structure of Genus Eutermes. 

In the genus Eutermes, the pharynx is short The oesophagus 
extends through the thorax to a dilated conical crop, behind which 
lies the gizzard This is lined by large crushing plates, clearly 
visible m alimentary canals which have been dissected out and 
mounted whole 

The mid-gut is long, tubular, and U-shaped From it, at the 
point of entry of the four Malpighian tubes, leads the hind-gut 

The slender anterior part (= section (a)) of the hind-gut is 
elongated in Eutermes, and forms a large loop passing behind the 
postenor end of the crop The dilated large intestine, which 
immediately follows the tubular anterior portion, forms one limb 
of another loop It bends back on itself, and is continued as the 
tubular hind part, which becomes expanded at the postenor end 
to form the rectum, and opens to the exterior by the anus 

Histology of Eutermes dixoni and E. exitiosus. 

Fore-Gut 

The fore-gut is similar to that of E chaqmmayousts 

The oesophagus consists of cubical epithelium, beneath which 
lies an outer circular and an inner longitudinal muscle layer 

The^ crop has the same two layers as the oesophagus, but its 
lumen is much dilated 
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The gizzard is characterized by continuous longitudinal iidges 
used for grinding food These, ridges are heavily chitimzed, and 
are of two types — 

( 1) Tall narrow folds, constricted at the base, which appear 

club-shaped m transverse section 

(2) Lower cushion-like folds over which the chitmous 

lining is thinner 

Each ridge contains a core of connective tissue covered by 
columnar epithelium which secretes the chitin The edges of the 
tall ridges are finely serrated There is a well-developed ciicular 
layer of striated muscle 

The oesophageal valve or collum, which projects from just 
below the gizzard into the mid-gut, is composed solely of thm 
columnar cells resting on a basement membrane 

Mid-Gut 

The wall is slightly folded, and is composed of cells arranged 
m three ways — 

(1) An outer thm epithelium of flattened cells. 

(2) Elongated columnar cells, which are broader at their 

outer edge, and have a striated border, a large nucleus 
and definite nucleolus They have the appearance of 
glandular tissue 

(3; Crypts of cells, lying at right angles to the long axis 
of the mid-gut These vary in number and m depth 
m different specimens. It is probable from their 
great variability that they are nests of young cells 
from which the epithelium is regenerated, as sug¬ 
gested by Imms, rather than glandular crypts as 
assumed by Holmgren In some sections the crypts 
are so numerous and deep that the gut wall has a 
“ scalloped ” appearance, while m surface view the 
wall shows a mosaic effect 

The muscle-layers are very poorly developed The cells seem 
to be bounded on the outside by a thm membrane only 

Malpighian Tubes, four m number, are lined by a single layer 
of flattened epithelium, the cells of which frequently contain 
lefractive granules 

Hind-Gut. 

f PI I, Fig lr, PI II, Figs 2a, b, and 3a, b, c, and d ) 

Eutermes dixoni and E exitiosus are similar to E chaqm - 
mayensis m many ways, but show some conspicuous features 
not included in Holmgren’s description 

Division (a) of the hind-gut is very much elongated, and has 
down one side for half its length a strip of cell continuous with 
and similar to those forming the mid-gut wall, i e , apparently 
glandular cells interspersed with regenerative crypts This 
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structure extends fiom the mid-gut to a point half-way between 
the opening of the Malpighian tubes and division ( b )—the 
posterior gizzard 

Except for this strip the wall of this division of the hind-gut 
is composed of a thm layer of flattened epithelium 
Running longitudinally on each side of the strip is a fold or 
valve, (Fig 2a) The tissue composing this forms a nearly com¬ 
plete ring at the level of the Malpighian opening (Fig 3a and b), 
and then is continued backwards as two projecting folds 
(Fig 3c). Anteriorly the folds project inwards towards the 
middle line Further back they meet and fuse (Fig 3d), thus 
enclosing a space between them and the strip of glandular tissue 
No food has ever been observed in this space, even when the 
main cavity of the gut is full of food 
Each fold consists of two layers (Fig 2b) — 

(1) An inner flattened or cubical layer on the side towards 

the glandular strip 

(2) An outer layer of deep columnar cells with clear pro¬ 

toplasm and distinct nuclei. 

The Malpighian tubes open above the origin of the valve, i e . 
into the posterior end of the mid-gut 
The region of the hind-gut leading from division (a) to the 
large intestine is very characteristic It is here termed the, pos¬ 
terior gizzard (division (b) ) since in Eutermes , as m other genera, 
the folded muscular walls have a chitmous lining bearing 
numerous pointed toothlike projections (Fig If) The lumen 
of this region is narrow and the walls are very muscular It is 
probable that it serves to grind any larger particles of food which 
have be,en left by the anterior gizzard before they enter the large 
intestine. Imms working on Archotermopsis, names this region 
the “ pyloric valve/' and holds that the backwardly-pointing teeth 
serve to prevent the regurgitation of large, particles into the 
mid-gut He considers that the fluid contents of the hind-gut 
can be regurgitated, and are acted upon by the secretion of the 
mid-gut Grassi and Sandias (1895) held a similar view, and 
termed the mid-gut the “ chylific ventricle ” 

Holmgren does not mention the presence in Eutermes chaqm - 
mayensis of either double valve or mid-gut strip, neither does he 
record the presence of chitmous teeth in the posterior gizzard 
region, although he describes “ lashes ” m the large intestine 
itself. The writer has seen no constant structures corresponding 
to his “ lashes/' but occasionally chitmous threads can be observed 
stretching from the tip of some of the folds to the food In 
other respects the histology of the, “ large intestine *’ of Eutermes 
dixoni and E exdhosus is similar to that which Holmgren 
describes for E chaquimayensis The more slender part of the 
gut behind the large intestine, and the dilated rectal portion are 
also similar to those of E chaquimayensis 
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Comparison between certain Structures of the 
Hind-Gut in Eutermes and m Termites of other 

Families. 

1 Mastotermitidae 

Mastotcrmcs darwimensis (Figs 1 a, 4) —The wall of the first 
division of the hind-gut is thrown into longitudinal folds made 
up of columnar epithelium supported on a pad of connective 
tissue For a short distance anterior to the gizzard, the wall 
beais fine spines pointing forwards Although there is a fair 
development of muscles here, they are much less marked than 
m the posterior gizzard itself 

The posterior gizzard bears four deep longitudinal folds, which 
are supported by well-developed outer cncular and inner oblique 
muscle layers In some sections the oblique muscles seem so 
disposed that one fibre goes to each epithelial spme-bearing cell, 
suggesting independent movement of the individual teeth The 
lining epithelium is composed of short columnar cells, bearing 
large backwardly-directed spines 

From the gizzard to the large intestine there extend four 
shallower folds, the chitmous lining of which bears spines like 
those of the gizzard The actual spine-bearmg surface is greater 
m Mastotermes than m any other termite which the author has 
examined 

2 Protermitidae 

In termites of this group, as well as those of the Mastotermi¬ 
tidae and Mesoternutidae, the first division of the hind-gut is 
not elongated, l e, the Malpighian tubes arise, comparatively near 
the large intestine 

Archotermopsis wroughtom —-The histology of the alimentary 
canal of this termite was fully described by Imms (1919) 

“ The first portion of the, hind-gut is 0 9-1 mm in length. 
Near the middle of its course is a group of three 
inwardly-projecting folds, covered by a chitmous lining, and 
invested with fine backwardly-directed spines These 

folds are well-supplied with muscle-fibres, and serve as a 
valve . At the junction with the large intestine, four 

groups of columnar epithelial cells pass back from the valve 
region, and project for a short distance into the cavity of the 
large intestine ” 

Imms states that the folded walls of the gut, both anterior and 
posterior to the posterior gizzard or <f valve ” have a chitinous 
lining, but he does not mention the occurrence of spines m either 
position 

Calotermes vnsulans (Fig It).-—P osterior to the opening of 
the Malpighian tubes, the hmd-gut wall is thrown into longi¬ 
tudinal folds Anteriorly these consist of columnar epithelium, 
but this changes to cubical epithelium, i e , the folds become lower, 
towards the posterior gizzard 
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The poition of these folds next to this gizzard beais, for 
approximately one-third of the total length, small chitmous 
teeth which point m the opposite way to those m the gizzaid 
itself These latter are developed on continuous, lather shallow 
longitudinal folds, which lead directly into the laige intestine* 
The muscle-layers aie not so easily defined as those of Mavto- 
termes 

Stolotermes victoyiensis (Fig lc)—The hmd-gut of Stole - 
termes shows a condition intermediate between that found m 
Calotermes, and that of the moie highly-developed Porotermcs 
The walls aie thrown into folds which aie shallower and more 
uniform than those of Porotennes, and are lined by low 
columnar epithelium The posterior gizzard is very muscular, 
the arrangement being similai to that previously described m 
Mastotermes The chitimzed epithelium of the posterior gizzaid 
has large spines, but there are no spines on the folds antenor to 
it as were desciibed m Calotermes, and no toothless folds 
posterior to it 

Porotennes grandis (Figs Id, 5) —Immediately postenor to 
the entry of the Malpighian tubes, the walls are thrown into 
irregular longitudinal folds These may lie divided mto two 
series, separated transversely by more flattened cells The folds 
of the anterior seiies are made up of tall columnar epithelium 
with a small central core of connective tissue, while those of the 
posterior series consist of slightly lower cells resting on a well- 
marked basement membrane, and supported by a thick connec¬ 
tive tissue cushion There are no chitmous spines m this region. 

Behind these folds is the tooth-beaimg posterior gizzaid This 
shows longitudinal ridges which are lower than those of the 
preceding series, and bear large chitmous spines The muscle- 
layers are thick, and as m Mastotermes. consist of inner oblique 
fibres, sometimes showing a fan-like arrangement beneath the 
spine-bearing cells, and outer longitudinal fibres The posterior 
gizzafd is shorter than m Calotermes , 1 e , the tooth-bearing region 
is more concentrated Folds similar to those of the second senes 
lead from the gizzard to the large intestine 

The hind-gut of Porotennes seems to he leading on to the Cop- 
totermes type It differs from that of Enter me ? m those points 
which have already been described for Calotermes 

3 Mesotermitidae 

Coptoterntes flavus (Fig 1e) —Between the entry of the Mal¬ 
pighian tubes and the postenor gizzard, the walls of the hmd-gut 
are folded, and lined with columnar cells 

The postenor gizzard has well-marked teeth, and its walls have 
numerous irregular longitudinal folds As m Porotennes , there 
is a definite demarcation between the toothless longitudinal Colds 
and those of the posterior gizzard, and also, as in Porotennes , 
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there is a series of toothless folds between gizzard and large 
intestine These probably correspond to the “ four groups of 
columnar cells ” which Imms describes as extending from the 
“ pyloric valve ” of Archotermopsis to the large intestine 

These three groups of termites, therefore, although showing 
considerable variation, resemble each other m general plan, and 
differ markedly from the Metatermitidae. 

Discussion. 

The alimentary canals of termites of different families can be 
arranged m a definite series, corresponding to their systematic 
positions This senes shows a progressive reduction of the 
spine-bearing area, together with elaboration of the folds m front 
of the posterior gizzard, and development of a further series 
of toothless folds behind it 

The most primitive termite, Mastotermes , has, as described 
above, an extensive spine-bearing area both anterior and posterior 
to the posterior gizzard The folds at the beginning of division 
(a) of the hind-gut are relatively simple 

The comparatively unspecialized Protermitidae, At choter - 
mopsis and Calotermes, closely resemble Mastotermes In 
Archotermopsis the spine-bearmg area anterior and posterior to 
the true gizzard is represented meiely by a thickening of the 
chitinous lining In Calotermes the posterior folds leading into 
the large intestine are very poorly developed, and there is no 
thickening of their chitinous lining, but the region anterior to the 
postenor gizzard retains its teeth In both Calotermes and 
Mastotermes these anterior teeth point m the opposite direction 
to those of the gizzard 

Stolotermes, although its antenor folds are simple, shallow, 
and uniform, has no teeth except m the posterior gizzard Poro - 
termes also has its teeth confined to a short thick-walled gizzard, 
but the antenor folds are very well-developed, and are divided 
by a circulai constriction into two series There are also definite 
toothless folds behind the posterior gizzard 

Of the Mesotermitidae, Coptotermes very closely resembles 
Porotermcs except that the folds behind the posterior gizzard 
are better developed 

In Metatermitidae such as Eutcrmes, the typical structures of 
the anterior part of the hind-gut are very much altered, and new 
parts are introduced Thus the characteristic double valve may 
be regarded as a modification of the most anterior folds of other 
forms, correlated with the elongation of division (ct) of the hind- 
gut The glandular strip, histologically resembling mid-gut 
tissue, is a new development, as is the thm-walled tube which 
forms the hinder part of division ( a ). 
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Teimites of this family aie regaiclecl bv Imms, Tillyard, 
Wheeler, and otheis as the most highly-evolved Isopteia They 
have usually no intestinal protozoa, although Cleveland (1926) 
has found a few small amoebae and flagellates m two species of 
Amitcrmes Numerous spirochaetes and fungi aie usually pre¬ 
sent The fungus-gardens descnbed by many authors are made 
only by teimites of this family Many Metatermitidae aie 
grass-eating, others, however, aie wood-feeding 

Although it is, so far, not possible to establish any definite 
relationship between the mode of nutrition and the structure of 
the alimentary canal, it is worthy of note that the extreme modi¬ 
fications of structuie occur in those teimites m which the digestive 
function of the ahmentaiy canal must differ greatly fiom that 
of othei groups 

Summary. 

(1) The general external features of the ahmentaiy canal m 
termites are described The, hmd-gut can be divided into five 
regions, teimed (a), (&), (c), (d), and (e), of which (a) and 
(b) are treated in some detail. 

Division (a) is greatly elongated m the Metatermitidae 

(2) Macroscopic features of the alimentary canals of 
Eutermes dixom and E exitiosus are described These are very 
similar to Eutermes chaqmmayensis as given by Holmgren 
(1909), 

(3) The histology of the alimentary canal of E dixom and 
E exitiosus is described, with particular reference to division^ 

(a) and (6) of the hmd-gut 

Certain structures are present which were not mentioned by 
Holmgren A strip of glandular cells similar to those of the 
mid-gut extends down one side of division (a) of the hind-gut 
This strip has on each side of it a fold of epithelium forming a 
double valve, the folds almost surround the gut at their extreme 4 
anterior end, and fuse m the mid-lme at the posterior The revt 
of division (a), which is extremely elongated, is lined by flattened 
epithelium not seen in termites of other families Division (b) 
bears chitinous spines, and' the wall is deeply folded and voiy 
muscular It has heie been termed the posterior gizzard, and 
leads directly into division (c)—the large intestine 

(4) Brief descriptions of the histology of divisions (a) and 

(b) of the hind-gut of Mastotermitidae (Mastotcnne s), Proter- 
mitidae ( Calotermes, Stolotermes , Porotcrmes) and Mesotermi- 
tidae ( Coptotermes ) are given In main features these resemble 
each other, and differ greatly from Metatermitidae 

(5) The alimentary canals of termites of various families are 
arranged in series, corresponding to their systematic position 
This series shows a reduction of the spine-bearing area, and an 
elaboration of the folds anterior and posterior to it 
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Eutermes shows the greatest modification of primitive struc¬ 
tures, as shown in Ma^otei uics, and also the introduction of new 
ones This is probably correlated with its lack of intestinal pro¬ 
tozoa, which would imply a mode of nutrition different from that 
of other termite families 

In conclusion, I wish to thank Professor Agar for his super¬ 
vision, and Dr G Buchanan for her help throughout the year 
My thanks are also due to Mr G F Hill, of the Council for 
Scientific and Industrial Research, who has supplied and identi¬ 
fied most of my material 
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Explanation of Plates I. and II. 

All outlines were drawn with the camera lucida 
Fig 1—Plan only, details of Figs, 2, 3, 4 and 5 were compiled from two 
or three adjacent sections 

Plate I 

Fig 1.—Longitudinal sections of alimentary canals of various termites to 
show the demarcation of the different regions (X 40 ) 

A Martotermes , B Caloteimes; C Stolotermes, D Poio- 
teimes, E Coptotermes , F Eutcnnes 
Plate II 

Fig 2—A, L S Alimentary canal of Eutermes (X 66) 

a-a, b-b, c-c, d-d, levels of transverse sections in Fig 3 
B , Ii P Portion of valve and mid-gut strip (X 360 ) 

Fig 3— A, B, C, D T S Alimentary canal of Entermes at levels shown 
m Fig AA. (X 66} 

Fig 4—L S, Alimentary canal of Mastotei mes (X 66) 

Fig 5—L S Alimentary canal ot Poiotcnnes (X 66) 

Lej:tering 

a e v — antenor end of valve a f folds anterior to posterior gizzard 
afi and a f » — 1st and 2nd series of antenor folds cm = circular 
muscle-fibres d a = division a of hmd-gut e p = epithelium 
gc = glandular cell giz = posterior gizzard i 1 v — inner layer of 
valve 1 m = longitudinal muscle-fibres m g = mid-gut mgs = 
strip of mid-gut like tissue mt. = malpighian tube o 1 v = outer layer 
of valve om = oblique muscle-fibres pev = posterior end of valve 
p f — folds behind posterior gizzard rc = regenerative crypt s = 
space between valve and mid-gut strip t a f ~ tooth-bearing folds 
anterior to posterior gizzard t p f = tooth-bearing folds posterior to 
posterior gizzard t r = thin-walled region opposite valve v — valve. 
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[Proc Roy Soc Viciokxv, 47 (N 8 ), Pi I, 1934 J 
Art II —Zooccial r aviation nntlmi Spears oj the Catena elhdae 
By LEO W STACK 

[Read 8th Mauh 1934, issued separately, 22nd Detemhei, 1934 | 

Introduction. 

A clobe study of the morphology of the zooecia of both Recent 
and fossil species of the Catenicellidae has shown the necessity 
for an understanding of the duections m which the zooecia of 
species of this group tend to vary It may be safely asset ted 
that all major zooecial structures vaiy, within certain limits 
This paper attempts to lllustiate the extent of variation of the 
zooecia within species 

Waters (1883) realized that zooecia of the Catenicellidae 
showed considerable vanation, and stated that ff until 

the amount of variation m Recent species has been caiefully 
studied, it will be very difficult for palaeontologists to determine 
the Catemcellae 3i Macgillivray (1895) m his observations on 
Catemcella hastata has remarked that it is a very variable species, 
but his observations are apparently based on specimens of several 
species of the genus Costahcella Maplestone (1899), which are 
shown to be, distinct by their different types of ovicells 

Variation, together with the imperfect state of preservation of 
fossil specimens, has led to duplication of fossil species by early 
workers, and it is believed that this contribution will justify the 
reduction of the number of species recorded from the Victorian 
Tertiary deposits 

The zooecia of each species figured were taken from the same 
zoarium, except the fossil zooecia of Strophipora harveyi 
(Wyv-Th) 

Variations of Zooecia. 

Outline 

The shape of the outline of the zooecia depends mainly on the 
development of the scapular compartments, which feature will be 
considered later 

The proportion of length to width, often a distinctive character, 
varies considerably, depending upon the position of the zooecium 
in the zoarium Generally speaking, the older zooecia near the 
base of the main branch are abnormally elongated, higher up on 
the main branch the zooecia tend to become broader, while the 
zooecia near the base of the subsidiary lateral branches tend to 
elongate, those near the tips of the branches becoming broader 

At the extremities of the branches the developing, immature 
zooecia are generally broadly oval, and show no distinctive 
character m their outline, owing to the fact that the lateral com¬ 
partments have not become fully developed 
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Zooecia of individual species vary considerably m size, par¬ 
ticularly m the genus Scuticclla Levmsen (1909), although the 
majority of the zooecia of a zoarium -conform to a fairly constant 
mean 

Aperture 

The shape and dimensions of the apeituie are piactically con¬ 
stant The proximal nm may he made more salient m older 
zooecia by elevation of the sternal area just proximal to the aper¬ 
ture as m Cnbncelhna cribrana (Busk) The distal rim m young 
zooecia is not thickened, 

Sternal Area 

The variation in proportion of length to width of the zooecia 
and the development of the proximal and distal infrascapular 
compartments considerably modify the shape of the sternal area 

The fenestrae vaiy considerably m size and disposition The 
variable number of fenestrae depends to a certain extent on the 
length of the sternal area, which is generally longer in older 
zooecia In a specimen of Scuticclla urnnla (MacG ), five, six, 
seven, eight, and nine fenestrae were seen on different individuals 
m a continuous senes of twelve zooecia 

L vteral Compartments 

In young zooecia terminating the branches, the scapular com¬ 
partments are the last to develop They may or may not lodge 
aviculana The scapular compartments may be developed 
upward into long hollow projecting spines in some species This 
is found m the younger zooecia of those species which have this 
characteristic In old zooecia of such species the, spine is rarely 
developed, and this feature gives an entirely different aspect to 
the zooecium 

The scapular compartments may develop into enormous avicu- 
laria, almost equal m size to that of the zooecium In Scuticella 
plagiostoma (Busk), large aviculana and others much smaller 
are developed The widest lange in size of aviculana is seen in 
Stroplupora harvcyt (Wyv-Th ) A senes of fossil zooecia are 
figured to illustrate this. They vary from small aviculana sur¬ 
mounting short tubular protuberances to large aviculana greater 
than the size of the zooecium itself In Clamporclla anrita 
(Busk) also, the aviculana are almost as large as the zooecia 

The direction m which the aviculanum faces is fairly constant 
m some species, but may vary greatly m others In Strophipora 
harvcyi (Wyv-Th), they may be directed forward, obliquely 
laterally, laterally, or backward In Scuticella plagiostoma 
(Busk), they may face laterally or forward 

The suprascapular compartments in old zooecia of many 
species of Scuticella face forward, whereas in young zooecia of 
these species, they are directed upward They also extend much 
further proximally in the older zooecia, as in Scuticella ventncosa 
(Busk) 
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Generally m old zooecia the proximal infrascapular compait- 
ment is greatly increased m extent, the distal one being corre¬ 
spondingly reduced They vary slightly in the direction m which 
they face 

Conclusion. 

Zooecial features, m species of the Catemcelhdae, vaiy con¬ 
siderably, and the sum total of the characters of all stiuctures 
must be considered m the identification of isolated zooecia of 
species of this group The variation between old and young 
zooecia of individual species is paiticularly remaikable 
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Explanation of Text Figures. 

(All figures drawn with camera lucida ) 

Fig 1 —Pterocella alata (Wyv -Th) (a), (b) Zooecia, illustrating 

variation m proportion of length to width, (c) Young zooecium, 
scapular and suprascapular compartments not fully developed 
Fig 2 —Cmbncelhna rufa (MacG ) (a) Elongate zooecium from base of 

subsidiary lateral branch, ( b ) Broad convex zooecium ironi tip 
of branch 

Fig 3 —Scuticella lonca (Busk) (a), ( b ) Zooecia showing variation in 
size 

Fig 4 —CostaHcella sohda (Levmsen) (a) Mature zooecium, ( b ) Young 
zooecium, distal lateral compartments not developed 
Fig 5 —Scuticella umula (MacG) ( a) Single zooecium showing seven 

fenestrae, ( b ) Geminate pair showing nine fenestrae on mother 
zooecium and five on daughter zooecium 
Fig 6 —Scuticella ventneosa (Busk) ( a ) Old zooecium, showing great 

development of suprascapular and proximal infrascapular compart¬ 
ments, reduction of scapular compartments lacking the upwaid 
projection into a hollow spine, (b) Mature zooecium 
Fig 7 —Claviporella aunta (Busk) (a) Zooecium with normally developed 
scapular compartment; (b) Zooecium showing abnormally large 
scapular compartment, (c) Young zooecium lacking distal lateial 
compartments 

Fig 8 —Scuticella plagiostoma (Busk) (a) Zooecium showing small 
laterally-directed aviculanum, (b) Zooecium showing laige 
avicularium facing forward 

Fig 9 —Strophipora harveyi (Wyv-Th) (a) Zooecium showing small 
forwardly-directed avicularium mounted on tubular protuberance, 
(b) Zooecium showing large forwardly-directed and small protrud¬ 
ing avicularium, (c) Zooecium showing large bulbous forwardly- 
directed avicularium; ( d ) Zooecium showing large laterally- 
directed and small upwardly-protruding avicularium, (e) Zooecium 
showing two normal laterally-directed avicularia, (/) Zooecium 
showing abnormally large laterally-directed avicularium „ 
(g) Zooecium showing enormous backwardly-directed aviculanum. 

(Magnification is m every case X 45 ) 
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[Proc Roy Soc Viuokia, 47 (N b ), Pa I, 1934 J 
Art III —Victouan Tatiary Catenicclhdae , Part II 
By LEO W STACK 
(With Plate III ) 

[Read 8th March, 1954 issued beiiaiatel), 22nd Dectmbei, 1934 ] 

Introduction. 

This paper consists of a revision of the fossil species of the 
genera of the Catemcellidae having a terminal gonnecium, which 
are here grouped m the sub-family Scuticellinae, containing the 
greatest number of genera and species m the Catemcellidae 

There is usually veiy little evidence to aid the con elation of 
gonoecia of the Scuticellmae with their zooecia, since during the 
process of fossihzation, the chitmous joints between the zooecia 
and gonoecia decay, resulting m their separation and scattering, 
while m those genera with adnate ovicells the character of the 
pertaining zooecia serve as evidence for correlation Certain 
characteristics of the zooecia are sometimes expressed m the 
gonoecia, but a correlation can only be tentative m those genera 
with a large number of species In those genera with few 
species, such as Strop hip or a Macgilhvray, the choice is corre¬ 
spondingly restricted, and a correlation of the gonoecia with their 
zooecia is then possible 

Terminal gonoecia are extremely rare m Tertiary deposits 
owing to the small number pioduced by each zoanum, they are 
consequently of little importance m stratigraphical palaeontology, 
and are therefore not dealt with m this contribution, except where 
correlation has been possible 

A study of variation m the zooecia of Recent species (Stach, 
1934), has shown the necessity for a considerable reduction in the 
number recorded from the Victouan Tertiary deposits Mac- 
gillivray’s figures' f 1895) of some of the species of this group 
are misleading, and Maplestone, who m many cases did not have 
the opportunity of examining Macgillivray's types, has unfortu¬ 
nately duplicated several of Macgillivray’s species This has 
been revealed by an examination of both Macgilhvray *s and 
Maplestone’s type specimens Maplestone has also devsciibed 
young zooecia of previously described forms as separate species 

In those genera having several species, keys have been supplied 
for ready identification* As far as possible, the least variable 
characteristics have been employed, but it is necessary to tefer 
to the descriptions m order to check the identification of abnormal 
zooecia 

Systematic Description. 

Sub-family VITTATI CELLINA E 
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Genus Vittaticella Maplestone, 1901 
VlTTATICELLA ELEGANS (Busk, 1852) 

(PI III, figs 1-4) 

Catenicella elegans Busk, 1852, p 361, fig 2, idem, 1852, 2, p 10, 
pk ix , figs 1-4 P H Macgillivray, 1859, p 161, idem, 1868, 
p 143 Hutton, 1880, p 181 Jelly, 1889, p 36 Ortmann, 
1890, p 27, pi ii, fig 1 Kukpatrick, 1890, p 17, idem , 1890, 
2, p 611 Thornely, 1905, p 109 

Vittaticella elegans (Busk), Maplestone, 1901, p 203 Waters, 
1913, p, 484, pi lxv, figs 1-7, 12 Okada, 1921, p 27 Living¬ 
stone, 1927, p 57, idem , 1929, p 99 Canu and Bassler, 1929, 
pp 439, 440, text figs 173 A, E, F, 174 A-N 

Catenaria elegans (Busk), Levmsen, 1909, p 255, pi xm, figs 
3 a-b, pi xxi, fig 2 a 

Description—To Levmsen’s description (1909), it needs to be 
added that the nairow vittae have a single row of six to ten pores 
Dimensions —Fossil specimen. Zooecmm, length 0 42 mm * 
width 0 23 , aperture, diameter 0 08 Recent specimen Zooecium, 
length 0 41, width 0 22, aperture, diameter 0 08 (from Two 
Sisters’ Is ) 

Distribution—Recent Pacific Ocean Bass Stiait 48 fathoms, 
Port Dalrymple on stones at low water (Busk, 1852), “ Chal¬ 
lenge ” station 188 (Torres Stiait) 28 fathoms, 163 a off Two¬ 
fold Bay (NSW) 150 fathoms, Port Cooper, Banks' Peninsula 
(Busk, 1884), off Two Sisters’ Island (Bass Strait) (coll J 
Gabriel), Three Kings’ Island 65 fathoms, Stewart Island 35 
fathoms (New Zealand) (Livingstone, 1929); Sagamibai 
(Japan) (Ortmann, 1890); shallow sea at Hamajima and Kushi- 
moto (Japan) (Okada, 1921), Tizard bank (China Sea) 6 
fathoms (Kirkpatrick, 1890) , the authorities of the Australian 
Museum, Sydney, have kindly supplied the following additional 
Australian localities Broughton Island (NSW.), 12-22 miles 
N ^ E from Green Cape (NSW) 39-46 fathoms, Port Darwin 
(Northern Territory), Noosa Head (South Queensland), Oyster 
Bay (Tasmania) 40 fathoms, Banks’ Strait (Tas ), 50 miles S. 
of Cape Wiles (South Australia) 

Indian Ocean Gulf of Manaar, attached to floating oyster cages 
(Thornely, 1905) ; Arafura Sea, Zanzibar channel 10 fathoms 
(Waters, 1913), Algoa Bay (Busk, 1884) 

Atlantic Ocean Madeira, J G ] (fide Busk, 1884) , tc Chal¬ 
lenger ” station 135 Tristan da Cunha 60-1,100 fathoms, 122 South 
Atlantic 32-400 fathoms (Busk, 1884) 

Lower Miocene Forsyth’s (below remame nodule bed) on 
Grange, Burn Creek (Hamilton). 

Observations —This well-known species, unlike the vast 
majority of the Catenicellidae, has a surprisingly wide distribu¬ 
tion throughout tropical and temperate seas This, however, con¬ 
stitutes its first record a$ a fossil Maplestone (1904) has indi¬ 
cated that Waters had recorded this species from Muddy Creek 
and Curdie’s Creek It was, however, “ Catenicella elegans var 
bnsku ” which lie recoided 
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It appears to thnve m waters of modeiatc depth, but it is 
interesting* to note Busk’s record of its occurience on stones at 
low water at Poit Dalrymple 

As is usual with such a widespread species, it varies somewhat, 
particularly m its dimensions, length of vittae, and propoition of 
length to width It is readily recognized, however, by its narrow 
vittae facing forward with a single row of pores, and the 
generally elongate form of the zooecia, which, however, does not 
approach the elongation of V practcnms (MacG, 1895), to 
which it is allied 

ViTTvrrcELLA speciosa (Macgillivray, 1895) 

Catemcella elegans var buskii Wateis (non C buskn Wyv-Th), 
1881, p 317, pi xvi, hgs 42, 43, idem , 1883, p 430 Jelly, 
1889, p 35 

Caloporella speciosa Macgillivray, 1895, p 19, pi n, fig 15 
Vittaticella speciosa (Macgillivray), Maplestone, 1901, p 202, idem , 
1904, p 189 Stach, 1933, p 90, pi vm, figs 1-3 
Vittaticella aiiaformis Maplestone, 1911, p 271, pi xxxvm, fig, 13 

Observations—The geminate pair figured by Waters (1881) 
has the vittae facing obliquely forward, whereas Vittaticella 
buskii (Wyv -Th ) has the vittae, facing laterally His comparison 
of this form with Cornuticella perforata (Busk) is also dis¬ 
allowed by this observation Maplestone (1904) has apparently 
referred this form to Vittaticella elegans (Busk), since the only 
localities given for it (under the name of Catemcella elegans 
Busk), are those given by Waters (1883), which Maplestone 
acknowledges Waters did not record V elegans Busk from the 
Victorian Tertiary The form figured agrees m all respects with 
Vittaticella speciosa (MacG, 1895) The following additional 
locality should thus be added to those of V speciosa, Curdie’s 
Creek (Waters) 

Marcus (1920) has included C elegans var buskn Waters 
(non C buskn Wyv -Th ) m his synonymy of Catemcella buskn 
Wyv -Th 


Artificial Key to the Tertiary Speoies of 
Vittaticella Maplestone, 


f Vittae facing forward 

1 4 Vittae facing laterally 
l Vittae facing obliquely 

r Vittae with one row of pores 

2 J Vittae with two rows of pores 
l Vittae with four rows of poies 

2 J Zooecium ovate 
1 Zooecium hastate 
4 f Vittae with one row of pores 
1 Vittae with two rows of pores 
fj / Length width of zooecium as 2 1 

l Length width of zooecium as 3 1 

g f Marginal flange m dorsal view 
l No marginal flange in dorsal view 
7 f Length width of zooecium as 3 * 1 
\ Length width of zooecium as 2 1 



V speciosa (MacG) 

V elegans (Busk) 

V praetenuis (MacG ) 

V teres (MacG) 

V hannafordi (MacG ) 

V sacculata (Busk) 

V msigms (MacG ) 
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Sub-family SCUTICELLINAE, sub -farm nov 

Description—Intel nodes of one zooecium or a geminate pan, 
rarely three zooecia m each mternode 

Aviculana well developed, usually facing laterally and situated 
about the level of the aperture, suprascapular and infrascapular 
compartments usually membranous, rarely calcified, one or two 
pairs of mfrascapular compartments Avicularia rarely present 
on adzooecial side of mother zooecium of geminate pair 

Sternal aiea may be ornamented by fenestrae, hollow spines 
separated by fissures, scattered pores, a submargmal row of pores 
around a central spinous area, or may be represented by a median 
ridge with a central pore 

Ovicell a terminal gonoecium 

Genus Scuticella Levmsen, 1909 

Scuticella Levmsen, 1909, p. 221 Canu and Bassler, 1927, p 21, idem, 
1929, pp 444, 446, 447, text-fig 179 

Genotype —Scuticella plagiostoma (Busk, 1852) 

Observations —This genus, well-described and figured by 
Levmsen (1909) and Canu and Bassler (1929), is characterized 
by its fenestrate sternal area and non-calcified suprascapulat 
compartments Although Levmsen designated no genotype, the 
first species, 5 plagiostoma (Busk), which he described very fully, 
should be chosen, although a more typical species of this group 
could have been selected 

Scuticella auriculata (Macgilhvray, 1895) 

Catemcella auriculata Macgillivray, 1895, p 15, pi ii, fig 5 
Maplestone, 1904, p 186 

Catemcella baccata Maplestone, 1899, p 8, pi u, figs 15, 15 a; 
idem , 1904, p. 186 

Description—Zooecium elliptical in outline, gieatest width, at 
middle level of zooecium, slightly greater than one-thud length 
of zooecium. 

Slightly convex proximal rim, in middle thud of zooecium, 
situated one-third of distance proximally from distal connecting- 
tube aperture Height of aperture equals half distance from 
proximal rim to distal connecting-tube aperture 

Elongate, semielliptical sternal area, equalling m length slightly 
more than one-third length of zooecium, has nine to thirteen 
fenestrae 

Scapular compartments, situated at level of distal half of aper¬ 
ture, lodge small avicularia facing obliquely forward Supra¬ 
scapular compartments well-developed, broad, and facing 
obliquely forward Distal mfrascapular compartments extend to 
middle level of zooecium. the proximal infrascapular compartment 
extending to base, both face obliquely foiward 
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Dorbal surface moderately convex, depressed at piojeclmg 
distal angles Axis of daughter zooecium inclined at 60 deg to 
that of mothei zooecium 

Ovicell not observed 

Dimensions—Zooecium from Glencoe No 7 boie 790 feet, 
Zooecium, length 0 56 nun , width 0 24; apeiture, diametei 0 10 

Distubution—Lowei Miocene Clifton Bank (Muddy Cieek, 
Hamilton), Campbell’s Point (Mulder), north side of Arm¬ 
strong’s Creek 10 chains east of Torquay-road, Mitchell Rivet at 
Baunsdale, Knight’s bore at Daitmoor, Glencoe No 7 boie 790 
feet, Mooioduc No 6 bore 4 feet-6 feet, Balcombe Bay 

Uppei Oligocene Glencoe No 7 bore 1,270 feet 

Observations—This species is characterized by its elongated 
zooecium and sternal area with nine to thuteen fenestrae and the 
small obhquely-diiected avlculaiia, which, however, tend to 
become laterally-directed m old zooecia of this species 

The geminate pair described as Catcnicella baccata by Maple- 
stone (1899) agrees m eveiy detail with *9 auruulata (MacG.) 
The fact of its having opaque spots on the doisal surface (it is 
not papillose as stated by Maplestone, 1899) is considered to be of 
no systematic value 

Waters (1904) has compared his Catemcella frigida with this 
species It differs from S aunculata (MacG ) m having only 
five to eight fenestrae, while the observed range m S' aunculata 
is nine to thirteen There seems no doubt that these two species 
are distinct 


Scuticella urnula (Macgillivray, 1887) 


(Plate III, figs 5, 6 ) 

Catemcella urmtla Macgillivray, 1887, p 34, pi i, figs 2, 2a , 
idem, 1879-1890, dec xv, p 174, pi 146, figs 2, 2a, idem 
1887, 2, p 197 Jelly, 1889, p 39 

Catemcella nobtlts Macgillivray, 1895, p 9 , pi i . fig 3 Maple- 
stone, 1904, p 187 

Catemcella acuhrostns Maplestone. 1899, p 9, pi h .fig 19. idem, 
1904, p 186 

Scuticella uinula (Macgillivray), Levinsen, 1909, p 231, pi xi, 
figs 4a-b, pi, xx, figs lA-r Stach, 1934, p 15, text-figs 5\-b 

Description—Levinsen (1909) has given a satisfactory diag¬ 
nosis of this species 


Dimensions —Zooecium from Mitchell River, Bairnsdale, 
Zooecium, length 0 61 mm , width 0 37, aperture, diameter 0 12 

Distribution—Recent Port Phillip Heads (Macgillivray) 

Middle Miocene Glencoe No 7 bore, 330 feet 
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Lower Miocene Clifton Bank (Muddy Creek, Hamilton), Foi- 
syth’s (below remame nodule bed) on Grange Burn (Hamilton), 
Campbell's Point (Mulder), Mitchell River at Bairnsdale 

Observations—A comparison of Macgillivray's type of Catem- 
cella nobihs and Maplestone's type of Catemcella acutirostris with 
Recent zooecia of F urnula (MacG ) has shown that they differ 
m no essential feature 

This species is characterized by its prominent aviculana 
constantly facing directly forward The size of the aviculana 
varies slightly m both fossil and Recent zooecia 

SCUTICELLA LORICA (Busk, 1852) 

(Text-figs 1-4 ) 

Catemcella lonca Busk, 1852, p 358, idem, 1852, 2, p f 6, pi l, 
figs 1-3 Maplestone, 1882, p 49 Jell>, 1889, p 37 (early 
synonymy) Harmer, 1902, p 310 
Scuhcella lonca (Busk), Levmsen, 1909, pp 215, 219 Stach, 
1934, p , text-figs 3a, b 

Description —Zooecium subrectangular m outline, tapering 
slightly to proximal connectmg-tube aperture, gieatest width, at 
summit of zooecium, equals two-thirds length of zooecium 



(Magnification X45 ) 

Fig 1 — Scuhcella lonca (Busk), fragment of zoanum illustrating ter¬ 
minology, apg, aperture of gonoecium, apz, aperture of zooecium; 
av , avicularium, c connecting tube, c a, connectmg-tube aperture, 
f, fenestra, G., gonoecium, GP, gemmate pair, m, mandible; p, 
septulae, r d , distal rim of aperture, r p, proximal rim of aperture, 
s , scapular compartment, s a, sternal area, s i d, distal infrascapular 
compartment, sip, proximal infrascapular compartment; s s, 
suprascapular compartment, Z, single zooecium, Z d, daughter 
zooecium, Z m , mother zooecium 
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Straight proximal rim m middle third of zooecium, with partly 
closed small sinus, situated one-quarter of length of zooecium 
proximally from distal connecting-tube aperture Lateral and 
distal margins as m S margmata (Waters) 

Broad, smooth sternal area, slightly elevated m region of 
proximal rim, has three large elliptical fenestrae, the proximal 
median fenestra, equalling about two-thirds aiea of aperture, 
being the largest 

Scapular compartments, variable m size, and usually lodging a 
small avicularium, situated at and above level of distal half of 
aperture, facing directly laterally Upwardly-directed supra¬ 
scapular compartments shallow and of small extent Distal 
infrascapular compartments, pierced by about seven septulae, 
reach almost to middle level of zooecium Proximal infra- 
scapular compartments pierced by numerous septulae, and flanged 
at their proximal extremities Both mfrascapular compartments 
face almost directly laterally 

Dorsal surface shows moderately convex elongated hexagonal 
area flanged at proximal and distal ends by lateral compaitments 


Axis of daughter zooecium inclined at 40 deg to that of mother 
zooecium of a geminate pair 

Gonoecium ovate m outline, erect, surmounted by an upwardly- 
projecting avicularium Sternal area, two-thirds length of 
gonoecium, has three large fenestrae Aperture almost equal in 
width to that of gonoecium Height of aperture one-third its 
width Two pairs of lateral compartments, below level of 
proximal rim, and facing obliquely forward, are pierced by 
numerous septulae 




(Magnification X 45) 

2 —Scubicella lorica (Busk) Recent incinerated gemmate pair from 
Bass Strait cable Fig 3 —S lorica (Busk) Recent incinerated 
single zooecium from Bass Strait cable showing avicularium and 
septulae of mfrascapular compartments m side view Fig 4 ,—S 
lorica (Busk) Fossil geminate pair from Mitchell River cliffs at 
Bairnsaale 
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Dimensions —Recent specimen, single zooecium: Zooecium, 
length 0 65 mm, width 0 41, aperture, diameter 01. Recent 
specimen, mother zooecium Zooecium, length 0 60, width 0 27 
Fossil specimen, mother zooecium Zooecium, length 0 69, width 
0 31 

Distribution—Recent Southern Australia Bass Strait cable, 
off Two Sisters' Island (Bass Strait), Western Port (J Gab¬ 
riel) , Bass Strait, 45 fathoms (Busk) ; off Devonport and Laun¬ 
ceston (Tasmania), off Gabo Island 100-200 fathoms (Australian 
Museum coll ) 

Lower Miocene Mitchell River at Bairnsdale 

Observations—This species is readily distinguished by its 
three large fenestrae and subrectangular outline 

A single geminate pair of this species was found fossil It 
agrees closely with the dimensions of Recent zooecia, and shows 
the large elliptical proximal median fenestra, and a suggestion 
of the two distal fenestrae on the mother zooecium The 
disposition of the lateral compartments is identical with that of 
5 lorica Although the specimen is damaged, it undoubtedly 
belongs to this species 

The fossil and a Recent geminate pair are figured for 
comparison 


ScUTICELLA GIPPSLANDICA, sp HOV. 

(Text fig 7, PI III, figs 7, 8) 

Catcmcella margvnata Macgillivray ( non Waters), 1895, pi i, 
fig 26 

Description —Zooecium somewhat elliptical m outline, greatest 
width, across centre of zooecium below aviculana, equals about 
two-thirds length of zooecium 

Straight proximal rim of aperture, m middle third of zooecium, 
situated slightly above level of greatest width, aperture extending 
less than half distance to summit from proximal rim, the much- 
thickened distal and lateral rims forming an arc greater than a 
semicircle Two small denticles above level of proximal rim 

Scutiform sternal area extends two-thirds distance from 
proximal rim to distal connecting-tube aperture bordered by wide 
raised margins of infrascapular compartments Fenestrae six 
or seven 

Scapular compartments, level with upper half of aperture, face 
directly laterally and equal m extent half height of aperture A 
broad raised band descends from summit to distal rim and 
laterally to the scapular compartments, then to base, the latter 
branch bordering a single infrascapular compartment on each side 
of zooecium facing obliquely laterally. 
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Dorsal surface smooth, moderately convex m axial region, 
merging into a distinct flange aiound lateral margins of zooecium 

Geminate pair or ovicell not observed 

Dimensions—Holotype, from Mitchell River Zooe.cium, 
length 0 69 mm , width 0 SO, aperture, diameter 0 10 Specimen 
from Largon Creek Zooecium, length 0 79, width 0 54, aperture, 
diameter Oil 

Distribution—Lower Miocene . Mitchell River at Bairnsdale, 
Largon Creek off Toorloo Arm (8 miles E of Lakes Entrance). 




(Magnification X 45) 

Fig. 5— Scuhcella wilsom (Macgillivray) Recent normal zooecium 
showing single long mfrascapular compartment as found in £ 
gippslandica sp nov Fig 6 —.S' wilsom (Macgillivray) Recent 
abnormal zooecium showing trace of development of a proximal 
mfrascapular compartment. Fig 7 —S' gippslandica, sp. nov 
Zooecium showing the single long mfrascapular compartment typical 
of this fossil species 


Observations —Macgillivray has placed this distinctive form 
with Scuhcella marginata (Waters) from which it differs in 
many respects The elliptical outline, single mfrascapular com¬ 
partment and the lesser number of fenestrae distinguish this 
species. 

It is closely allied to Scuticclla wilsoni (MacG ) (1879-1890), 
both having a single long infrascapular compartment and seven 
fenestrae S. wilsom, however, differs m the distinctly quadrate 
outline and the greater proportionate width of its zooecia 

This somewhat rare species has shown but little variation 
except m the number of fenestrae and the dimensions mentioned 
above. 

5 gippslandica is restricted to the Miocene deposits of Gipps- 
land, to which feature it owes its specific designation 


Scuticella AMPLA (Waters, 1881) 

CdUmcelh ampla Waters, 1881, p. 317, pi xvi, figs 46, 50, idem, 
1882, p 259, idem, 1883, p 429 Macgillivray, 1895, p 9 
pi i, figs 4-6 Maplestone, 1904, p 186, idem, 1911, p 266, 
pi xxxvii, fig 2 
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Catemcella stncta Macgillivray, 1895, p 15, pi n, fig 6 Maple- 
stone, 1904, p 188 

Catemcella limipota Macgillivray, 1895, p 16, pi n, fig 2 Maple- 
stone, 1904, p 187 

Catemcella ovoidea Macgillivray, 1895, p 16, pi n, figs 3, 4 
Maplestone, 1904, p 187 

Calpidtum mormngtomensis Maplestone, 1898, p 20, pi n, figs 
17, 18, idem , 1904, p 190 

Catemcella dennanh Maplestone, 1899, p 9, pi n, fig 17; idem , 
1904, p 187 

Description—Zooecium subovate m outline, greatest width, 
at middle level of zooecium, equals about one-half its length 

Slightly convex proximal rim, made salient by elevation of 
distal median portion of sternal area, situated m middle third of 
zooecium one-quarter of distance proximally from distal connect- 
mg-tube aperture 

Bioad sternal area, with five to nine pyriform fenestrae, 
equals m length two-thirds that of zooecium 

Scapular compartments extend from level of proximal rim 
to slightly above level of distal connectmg-tube aperture and face 
directly laterally, appearing as auricular piocesses m frontal view 
Suprascapular compartments small m extent and upwardly- 
directed Distal mfrascapular compartments extend to a level 
one-half to two-thirds distance proximally from distal connectmg- 
tube aperture, proximal mfrascapular compartments extending 
to base of zooecium Both mfrascapular compartments face 
obliquely backward 

Dorsal surface with a median longitudinal groove flanked by 
the depressions of the lateral compartments Axis of daughter 
zooecium inclined at 30° to that of mother zooecium 

Ovicell not observed 

Dimensions—Zooecium fiom Moorooduc No 6 bore 4 feet- 
6 feet Zooecium, length 0 71 mm, width 045 ; aperture, diameter 
0 13 Zooecium from Glencoe No 7 bore 790 feet Zooecium, 
length 0 67, width 0 39, aperture, diameter 013 

Distribution—Lower Miocene Clifton Bank (Muddy Creek, 
Hamilton), Flinders, Torquay, Campbell's Point (Mulder), 
Griffin's near Batesford, Hamilton bore 80 feet-85 feet, Glencoe 
No 7 bore 580 feet, 650 feet, 660 feet, 705 feet, 725 feet, 790 
feet, Moorooduc No 6 bore 4 feet-6 feet, Grice's Creek (near 
Frankston), Balcombe Bay, Mitchell River at Bairnsdale, Curdles 
Creek 

Upper Oligocene* Glencoe No 7 bore 1270 feet 

Observations —This species is characterized by its large 
auricular laterally-directed avicularia and its distinctive dorsal 
surface, the appearance of which is caused by the mfrascapular 
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compai tments being - directed obliquely backward In some 
zooecia the infrascapulai compartments tend to become laterally- 
directed 

An examination of the type specimen of Catemcclla strata 
MacG revealed no fundamental difference from typical speci¬ 
mens of S ampla, the zooecium being slightly more elongate than 
normal zooecia of this species 

Catemcella lumpora MacG represents an old zooecium of 
^ ampla . It has the typical aviculana of the latter species, but 
has fewer fenestrae (five) and the infrascapulai compartments 
tend to become laterally-directed, both departures being due to 
normal zooecial variation within species of the Catemcellidae 
(Stach, 1934) 

Macgilhvray’s figures of Catemcella ovoidca show a frontal 
view m all respects similar to his figures of S’ ampla (1895, pi 
i, figs 5 6), but his representation of the dorsal view does not 
show the infrascapular compartments directed obliquely backwaid 
as is seen m Macgillivray’s ple,siotypes This species was also 
recognized as S' ampla by T S Hall, who examined the Mac- 
gilhvray collection after the latter’s death 

The fenestrae of the type specimen of Catemcella dennanti 
Mapl are not strongly bordered as Maplestone has figured them 
The specimen has the same disposition of lateral compartments 
and the typical avicularia of S ampla 

The apparent great protrusion of the distal rim of the apertuie 
of Calpidium mornmgtomensis Mapl is exaggerated m Maple- 
stone’s figures, the specimen showing the thickened distal and 
lateral rims of the aperture accentuated by fractuie of the 
elevated distal portion of the sternal aiea This zooecium agrees 
in all respects with typical zooecia of 5* ampla 

Scuttcella mARG iNAT v (Waters, 1881) 

Catemcella warqmata Waters, 1881, p 317, pi xvi, figs 44, 45 
Macgillivray, 1895, p 13, pi i, figs 25-27 Maplestone, 1904 
p 187 

Catemcella daedala Macgillivray, 1895, p 14, pi i , fig 28 Maple¬ 
stone, 1898, p 16, pi i , figs 4, 5; idem, 1904, p 187 

Catemcella baimsdalet Maplestone, 1911, p 266, pi xxxvn, fig, 8 

Description—Zooecium oval m outline, slightly constricted 
near base; greatest width, one-third of distance proxunally from 
distal connectmg-tube aperture, equals one-lialf length of zooecium 

Proximal rim of apertuie, in middle third of zooecium, situated 
one-third distance proximally from distal connectmg-tube aper¬ 
ture.^ Aperture extends one half to two-thirds distance fiom 
proximal rim to distal connectmg-tube aperture, lateral and distal 
margins forming an arc greater than a semicircle, distal rim 
greatly thickened Proximal rim straight with two short denticles 
a short distance up lateral margins 
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Elongate scutiform sternal area extends two-thnds distance 
from proximal nm to proximal connectmg-tube aperture, boi- 
dered by wide raised margins of mf 1 ascapular compartments 
Fenestrae, eight to eleven 

Scapular compartments, facing directly laterally, situated at 
middle level of aperture and equal in, extent half height of aper- 
tme, a broad band extends half way round summit descending to 
and following distal rim, then branching out to scapular com¬ 
partments, forming border of suprascapular compartments Below 
scapular compartment is the small elliptical depressed area of 
the distal infrascapular compartment facing obliquely forward, 
extending one-third distance from base of scapular to proximal 
connectmg-tube aperture, bordered by a broad raised band con¬ 
tinuing around proximal infrascapular compartment which 
extends as a depressed elliptical area to base 

Dorsal surface smooth, very convex m axial region, lateral 
chambers form narrow flange around zooeciurm 

Axis of daughter zooecium inclined at SO deg to that of mother 
zooecmm 

Ovicell unknown 

Dimensions—Old zooecmm fiom Mitchell River Zooecium, 
length 0 92 mm, width 0 52, aperture, diameter 0 12 Young 
zooecium from Balcombe Bay Zooecium, length 0 60, width 0 42; 
aperture, diameter 0 12 

Distribution—Middle Miocene Glencoe No 7 bore, 330 feet 

Lower Miocene Clifton Bank (Muddy Creek, Hamilton), 
Forsyth’s (below remame nodule bed), Flinders, Griffin’s (near 
Batesford), Campbell’s Point (Lake Connewarre), Thompson’s 
Creek (south of Moriac), mouth of Spring Creek, north side of 
Armstrong’s Creek 10 chains east of Torquay-road, Batesford 
Tunnel marl, Prowse’s marl pit (2 miles west of Mount Moriac), 
Mitchell River at Bairnsdale, Largon Creek off Toorloo Arm (8 
miles east of Lakes Entrance), Dartmoor (at foot of railway 
bridge over Glenelg River), Knight’s bore (Dartmoor), Curdie’s 
Creek (Waters), Hamilton bore 80 feet-85 feet, Glencoe 
No 7 bore 650 feet-1,110 feet, Mooroduc No 6 bore 4 feet- 
6 feet, Balcombe Bay 

Upper Oligocene* Glencoe No 7 bore, 1,270 feet 

Observations—This very common and widespread species 
varies considerably as regards size, proportion of length to width 
and convexity of dorsal surface 

In zoaria of the Catemcelhdae there is a tendency for the 
early-formed zooecia to be larger m size, elongated, and with a 
slightly curved dorsal surface The young zooecia at the sum¬ 
mits of the curling tips of the branches tend to be shorter and 
more convex dorsally 
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The foim described as Catemcclla daedala by Macgilhviay, 
represents a young zooecium of Scuttcella marginata, no funda¬ 
mental difference being appaient between the two forms Mac- 
gilhvray’s figured specimens of C marginata lepresent old zooecia 
of the species 

An examination of Maplestone’s type of Catemcclla batnus- 
dalei shows that it is a lotund young zooecium of S mau/mata 
(Waters) 

This form is readily distinguished by the thick margins of the 
lateral compartments and the gieat thickening of the distal rim 
of the aperture 

Scuticella papillata (Maplestone, 1899) 

Catemcella papillata Maplestone, 1899, p 7, pi n, figs 14, 14 \-b , 
idem , 1904, p 187 

Catemcella concmna Maplestone, 1911, p 267, pi xxxvu, fig 5 

Description—Zooecium elongate-oval m outline , greatest width, 
at upper level of scapular compartments, equals about half length 
of zooecium 

Slightly concave proximal rim, m middle third of zooecium, 
situated less than one-third distance proximally from distal con¬ 
necting-tube aperture Height of aperture slightly more than 
one-half distance from proximal rim to distal connecting-tube 
aperture A pair of small denticles on lateral margins of 
aperture 

Small elongate sternal area, equal m length to one-third that of 
zooecium, with eight to ten fenestrae 

Scapular compartments, at level of distal rim of aperture, lodge 
small avicularia facing directly lateially Suprascapular com¬ 
partments face obliquely forward Distal infrascapular compart¬ 
ments extend to middle level of zooecium, the proximal infra¬ 
scapular compartments extending to proximal connecting-tube 
aperture; both face obliquely forward 

Dorsal surface moderately convex, slightly flattened at distal 
end of zooecium 

Axis of daughter zooecium inclined at about 80 deg to that of 
mother zooecium 

Ovicell not observed 

Dimensions—Syntype (single zooecium) from Clifton Bank, 
Zooecium, length 0.52 mm , width 0.29, aperture, diameter 0 09 

Distribution—Lower Miocene Campbell's Point (Lake Conne- 
warre), Clifton Bank (Muddy Creek, Hamilton), Flinders, 
Batesford Tunnel marl, Knight's bore (Dartmoor), Hamilton bore 
80 feet-85 feet, Balcombe Bay 
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Observations—An examination of the types of Catenicella 
papillata Maplestone and C concmna Maplestone reveals no 
fundamental difference between the two specimens 

This species is chaiactenzed by its elongate oval outline and 
the position of the scapular compartments on a level with the 
distal rim of the aperture 

The “papillose dorsal surface” of Maplebtone (1899) is seen 
to be quite smooth m the syntype (specimen showing dorsal 
view), but opaque white spots are visible m the otherwise tram- 
parent dorsal surface This is believed to be due to external influ¬ 
ences either m life or during preservation, and is therefore 
regarded as being of no specific value Other specimens from the 
type locality (Clifton Bank) agree m every feature with the types, 
except m not having a spotted dorsal surface 

The name Catenicella concmna has previously been used by 
Macgillivray (1881) for a form which Maplestone (1899) and 
Jelly (1889) regard as synonomous with Strongylopora pulchella 
(Maplestone), and therefore Maplestone’s name for his later 
Catenicella concmna (1911) could not be used m any case 


S CUT I CELL A VENTRICQSA ( Busk, 1852) 

Catenicella ventneosa Busk, 1852, p 357, idem, 1852 2, p 7 pi n, 
figs 1, 2, pi in, figs 1-5 Macgillivray, 1859, p 160, idem, 
1868 p 143 Waters, 1883, p 431 Kirchenpauer, 1885, p 535. 
Jullien, 1888, p 275, pi xi, fig 3 Jelly, 1889, p 39 (early 
bibliography) Macgillwiay, 1889, p 25, idem, 1890, p 6, 
idem, 1895, p 9, pi i, figs 1, 2 Hamilton, 1898, p 194 
Maplestone, 1904, p 188 

Scuticella ventneosa (Busk), Levm^en, 1909, p 227, pi xi , tigs 
6 a-b pi xx, figs 5 a-c Livingstone, 1928, p 116 Canu and 
Bassler, 1929, p 439, text-fig 173 D, p 447, text-figs 179 A-F 
Livingstone, 1929, p 97 Stach, 1934, text-figs 6 a-b. 

Descnption—Levmsen (1909) has given an excellent diagnosis 
of this species 

Dimensions —Recent zooecium from Bass Strait Zooecium, 
length 0 58 mm, width 0 39, aperture, diametei 0 13 Fossil 
zooecium from Mitchell River Zooecium, length 0 55, uddth 
0 33 , aperture, diameter 0 13 

Distribution—Recent Victoria Bass Strait 45 fathoms 
(Busk) , Queenscliff, Western Port, Sealers* Cove (Macgilhv- 
ray) , off Two Sisters* Island (Bass Strait) (J Gabriel coll ), 
Lome, Glennie Group (Wilsons Promontory) (Austr Mus coll ) 
New South Wales 3-4 miles off Eden (J Gabriel coll ) Port 
Jackson, Newcastle, Broughton Island, 12-22 miles north 4 east 
from Green Cape 39-46 fathoms, La Perouse (Botany Bay) 
(Austr Mus coll) South Australia Robe (Macgillivray), 
Sanders Bank (Kangaroo Island) (Austr Mus coll.) Tas¬ 
mania 7 miles north-east of Cape Pillar 50-60 fathoms, Oyster 
8723 —2 
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Bay 40 fathoms, oft Launceston and Devonport, Cncular Head 
(Austi Mas coll) New Zealand Napiei, Wellington, Dunedin, 
Foveaux Strait (Hamilton) , Stewart Island 35 fathoms, 10 miles 
off Cape Maria van Diemen 50 fathoms, Colville Channel 35 
fathoms (Livingstone) 

Lower Miocene Clifton Bank (Muddy Creek, Hamilton), 
Campbell's Point (Lake Connewarre), Spring Cieek (Toiquay), 
Mitchell River at Bairnsdale, Glencoe No 7 boie 705 feet, Moo- 
rooduc No 6 bore, 4 feet-6 feet 

Observations—This common species has a wide distribution 
m south-east Australian and New Zealand wateis of moderate 
depth. 

The fossil specimens have been compared with incinerated 
zooecia of typical Recent specimens fiom Bass Strait, with which 
they are identical In the fossil specimens examined, howevei, 
the upward protrusion of the scapular compartments is mvaiiably 
broken off 


ScUTICEILA LVTA, sp 110 V 
(Plate III, figs 9, 10) 

Description—Zooecmm senuelliptical m outline; greatest 
width, at level of distal connecting-tube aperture, almost equals 
length of zooecium 

Straight proximal rim, m middle third of zooecium, situated 
less than one-third of the distance proximally from distal con¬ 
necting-tube aperture Aperture senuelliptical, equalling m 
height three-quarters of distance from distal connecting-tube 
aperture to proximal rim, below which is a laige subcircular 
ascopore. 

Broad sternal area equal in length to half of that of zooecium 
Fenestrae five to seven 

Scapular compartments, at and above level of distal half of 
aperture, lodge small avicularia facing directly lateially 
Upwardly-directed shallow suprascapular compartments of small 
extent Distal infrascapular compartments extend to middle, level 
of zooecium, proximal infrascapular compartments extending 
below it almost to proximal connecting-tube aperture, both facing 
obliquely forward 

Dorsal surface moderately convex, depressed at distal angles 

Axis of daughter zooecium inclined at 35 deg to that of mothei 
zooecium 

Ovicell not observed. 

Dimensions —Recent zooecium from Western Port Zooecmm, 
length 0 60 mm, width 0 49, aperture, diametei 014 Fossil 
zooecium from Forsyth's Zooecium, length 0 53, width 0,43; 
aperture, diameter 0 14 
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Distribution—Recent Western Port (J Gabriel coll ) 

Lower Miocene * Clifton Bank (Muddy Creek, Hamilton j , Bell’s 
Beach (between Torquay and Point Addis), Prowse’s marl pit 
(2 miles west of Mount Moriac), Flinders, Forsyth’s (below 
remame nodule bed), Mitchell River at Bairnsdale 

Observations —This species is characterized by the broad out¬ 
line of the zooecium, the large scapular compartment piojectmg 
upward and the subcircular ascopoie The fossil specimens, 
although the sternal area is damaged m all those examined, agree 
m all other details with the Recent specimens, as will be seen from 
a comparison of the figures. 

S lata is allied to T margantacea (Busk) (1852), from which 
it is distinguished by its broader outline and comparatively large 
ascopore. 

Scuticella intermedia (Macgilhvray, 1868) 

(Text-figs 8, 9 ) 

Catcnicella into media Macgilhvray, 1868, p 127 Jelly, 1889, 
p 37 (early bibliography) Macgilln ray, 1895, p 16, pi n, 
fig 1 Maplestone, 1904, p 187 

Scuticella intermedia (Macgilhvray), Levinsen, 1909, pp 215, 219. 

Catenicella longispmasa Maplestone, 1911, p 268, pi xxxvn, fig 8. 

Description —Zooecium broadly semielliptical m outline; 
greatest width, at level of distal connecting-tube aperture, almost 
equals length of zooecium 

Slightly convex proximal rmi, one-quarter width of zooecium 
in length, situated one-third distance proximally from distal con¬ 
necting-tube aperture Height of aperture equals three-quarters 
distance from proximal rim to distal connecting-tube aperture 
A minute ascopore below proximal rim 

Ovate sternal area, equalling m length half that of zooecium, 
is ornamented with five to eight pyriform fenestrae varying con¬ 
siderably m size 

Scapular compailments, facing duectly laterally, usually de¬ 
veloped into large aviculana extending to level of distal connect- 
mg-tube aperture from level of proximal rim Suprascapular 
compartments, of small extent, face forward and upward Distal 
infrascapular compartments extend to a level almost one-half 
distance distally from proximal connecting-tube aperture, the 
proximal mfiascapular compartments extending to base, both 
face obliquely laterally. 

Dorsal surface slightly convex, flattened along lateral margins 
and distal angles of zooecium 

Axis of daughter zooecium inclined at 40 deg to that of mother 
zooecium 
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Ovicell not observed 

Dimensions —Recent specimen Zooecium, length 0 SO mm , 
width 046, aperture, diameter 0 13 Fossil zooecium {torn 
Campbell’s Point Zooecium, length 0 S3, width 0 50; aperture, 
diametei 0 14 

Distribution—Recent Port Phillip Heads, off Launceston and 
Devonport (Tasmania) (Austr Mus coll) 

Lower Miocene Clifton Bank (Muddy Cieek, Hamilton), 
Flinders, Griffin's (near Batesford), Campbell's Point (Lake 
Connewarre), Mitchell River at Bairnsdale, Balcombe Bay 

Observations—This species is closely allied to Scuticclla lata , 
sp nov, from which it is distinguished by its very minute asco- 
pore and the relatively large size of the fenestrae In some 
zooecia the minute ascopore is only represented by a nairow 
sinus 




(Magnification X 45) 

Fig 8 —Scuticella 'intermedia (Macgillivray) Maplestone's type of 
Catcmcclla longispmosa Fig 9 —S intermedia (Macgillivray) 
Recent zooecium showing large avicularium approaching the size of 
those m Fig 8 

This species is characterized by its minute ascopoie and the 
large avicularia extending upward to the level of the distal com 
necting-tube aperture No essential diffeience could he observed 
between fossil and Recent zooecia of this species 

The specimen described as Catemcella longispmosa by Maple- 
stone (1911) is a mature zooecium of this species, m which the 
avicularia are very well developed In the small fragment of a 
Recent zoarium examined by the author, some zooecia had avicu¬ 
laria approaching the size of those seen m Maplestone's specimen, 
and there, appear to be no grounds for regarding Catemcella 
longispinosa Maplestone as a separate species 
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Artificial Key to the Victorian Tertiary Species of 
Scuticella Levinsen. 


i 


2 

3 

4 


5 

6 

7 

S 


T Scapular compartments directed laterally 
Scapular compartments directed obliquely 
v forward 

Scapular compartments facing directly for- 
l ward 

j Sternal area with three oval fenestrae 
\ Sternal area with more than three fenestrae 
f One infrascapular compartment .. 

\Two infrascapular compartments 
I Non-spmous scapular compartment extend- 
I mg above level of distal connecting-tube 

"j aperture 

l Not as above 

/ Elongate sternal area bounded by thick 
I margins of proximal lateral compart- 

I ments 

l Not as above 

\ Scapular compartment developed upward 
-j into a hollow spine 

kNot as above 

{ Zooecium elongate 
Zooecium broad 

( Large sub-circular ascopore present 
\Not as above 


2 

S aunculata (MacG ) 

S urnula (MacG ) 

S lonca (Busk') 

3 

S gippslandica sp nov. 


9 ampla (Waters) 
5 


5 marginata (Waters') 

6 

S ventricosa (Busk) 

/ 

S' papillata (Mapl ) 

8 

S lata sp nov 
£ intermedia (MacG ) 


Genus Gostaticella Maples tone, 1899 

Costahcella Maplestone, 1899, p 9 Canu and Bassler, 1927, p 21, 
idem , 1929, pp. 445, 448, text-fig 180 

Cosh cell a Levinsen, 1909, p 233 

Genotype— Costahcella hneata (Macgillivray, 1895) 

Observations —An examination of Recent specimens of species 
of Levmsen's genus Costicella and fossil specimens of Maple- 
stone’s genus Costahcella shows that no generic distinction can 
be drawn between the fossil and Recent groups C hneata 
(MacG 3 1895), has a sternal area similar in structure to that of 
C, hastata (Busk, 1852), and the lateral compartments are all 
calcified m both species The form described as Costaticella 
escharotdes by Maplestone (1899) is regarded as a mature 
zooecium of C hneata (MacG, 1895), Macgillivray’s holotype 
obviously being a young zooecium Contrary to Maplestone’s 
statement (1899), the sternal area has fenestrae at the base of the 
hollow spines, but they are comparatively small in his figured 
specimen 

Levinsen (1909) has given a good account of this genus, and the 
distinctive characteristics are seen to be that the lateral compart¬ 
ments are all calcified and that the sternal area is ornamented 
with a series of hollow spines separated by fissures and with a 
corresponding number of fenestrae at their bases. 



36 


Leo ll\ Stack 


Macgilhvray's Catemcella latifions (1895) has the lateial com¬ 
partments partly uncalcified, and it is proposed to erect a new 
sub-genus Castaticclhna for its leception This sub-genus has 
all the characteristics of typical species of Costaticella, but differs 
m not having the supiascapular compaitments calcified 

Costaticella li n eat a (Macgilhvray, 1895) 

Catemcella hneata Macgillivray, 1895, p 14, pi l, fig 30 Maple- 
stone, 1904, p 187 

Costaticella hneata (Macgillnray), Maplestone, 1899, p 10 Canu 
and Bassler, 1929, p 445 

Costaticella eschai oidcs Maplestone, 1899, p 10, pi i, iig 13, idenij 
1904, p 190 

Description—Zooecium subreetangular m outline, width 
equals approximately one-half length of zooecium 

Slightly concave proximal rim, m centre third of zooecium, 
situated one-third of distance proximally from distal connecting- 
tube aperture Height of aperture slightly greater than one,-half 
distance from proximal rim to distal connecting-tube aperture 

Elongate sternal area, about three times as long as wide, has 
about 27 small oval fenestrae, with as many hollow spines sepa¬ 
rated by fissures and equals almost one-half length of zooecium 

Scapular compartments, situated at level of proximal half of 
aperture, face directly laterally Suprascapular compartments 
extend slightly above level of distal connecting-tube aperture 
Distal mfrascapular compartments, facing directly latex ally, 
extend slightly below middle level of zooecium, proximal mfia- 
scapular compartments extending to proximal connecting-tube 
aperture 

Dorsal surface depressed along lateral margins 

Axis of daughter zooecium inclined at 50 deg to that of mother 
zooecium. 

Ovicell not observed 

Dimensions—Mother zooecium of Maplestone's figured speci¬ 
men; Zooecium, length 0 70 mm, width 0 37, apertuie, diameter 
0 13 

Distribution—Lower Miocene Campbell's Point (Lake Conne- 
warre), Glencoe No 7 bore, 650 feet, Balcombe Bay 

Observations—Canu and Bassler (1929) have erroneously 
named a figure of Costaticella hastata (Busk) taken from Harmer 
(1902) as Costaticella hneata (MacG ) 

Macgillivray's type of Catemcella hneata is a young zooecium 
of Maplestone's Costaticella escharoides, as an examination of the 
type specimens readily shows In the holotype of C hneata the 
distal lateral compartments are not developed. 
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This species is characterized by its subi ectangular outline and 
the elongated sternal area with the exceptionally large number 
of fenestrae and spines 

Contrary to Maplestone’s statement (1899), small oval fenes- 
tiae are visible at the outer extremities of the spines of the, sternal 
area of his figured specimen 

Cost a/ticell \ cribriformis (Waters, 1881) 

Cateivcella cribriformis Waters, 1881, p 317, pi xvi, fig 39, 
idem, 1883, p 428 Maplestone, 1904, p 186 
Catenicella amphata Maplestone, 1899, p 8, figs. 16, 16a, idem, 
1904, p 186 

Description—Zooecium broadly semielhptical in outline, 
greatest width, at summit of zooecium, equals slightly less than 
length of zooecium 

Straight proximal rim, equalling one-quarter width of zooecium 
m length, situated more than one-third distance proximally from 
distal connecting-tube aperture Height of aperture equals nearly 
two-thirds distance from proximal rim to distal connectmg-tube 
aperture 

Short broad sternal area, equalling m length slightly more than 
one-tlnrd length of zooecium, has ten to eleven fenestrae. 

Small scapular compartments, situated at middle level of aper¬ 
ture, face laterally Large suprascapular compartments extend 
above level of distal connectmg-tube aperture Distal mfrascapu- 
lar compartments extend to a level almost two-thirds distance 
proximally from distal connectmg-tube aperture and face laterally. 
Proximal infrascapular compartments extend to base, and face 
obliquely forward 

Dorsal surface not observed 

Axis of daughter zooecium inclined at 40 deg to that of 
mother zooecium 

Ovicell not observed 

Dimensions —Zooecium from Balcombe Bay * Zooecium, length 
0 59 mm, width 0 55, aperture, diameter 0 14 

Distribution—Lower Miocene* Griffin’s (near Batesford), 
Campbell’s Point (Lake Connewarre), Spring Creek (Torquay), 
Cur die’s Creek (Waters) Balcombe Bay 

Observations —Of this rare species only the two specimens on 
Maplestone’s type slide have been seen The one which Maple¬ 
stone did not figure is the more perfect 

This species is characterized by the broadness of the zooecium 
and its ten to eleven fenestrae. The type specimen figured by 
Waters (1881) is not as broad as the zooecia designated Catem - 
cello, ampliata by Maplestone (1899), but otherwise there is no 
essential difference between the two forms 



38 


Lee Il'\ Stack 


COSTATICELLA BENECOSTATA (LeVlllseil, 1909) 

(PI III, %S 11, 12 ) 

Catcnicclla hasfafa Waters (non Busk, 1852), 1883, p 431 Jelly, 
1889, p 37 (Waters, 1883 only) Macgillivray, 1895, p 13, 
pi i , figs 21-23 Maplestone, 1904, p 187 

Costicella benecostata Levmsen, 1909, p 237, pi xn, figs 1 a-b, 
pi xx, fig 9 v 

Obseivations—Levmsen (1909) has given a figure of the aper¬ 
ture, and sternal area of this species, but gives no idea of the 
general outline of the zooecium either m the desorption or figure 
He has, howevei, named Ins figures on the plate Catemcella 
hastata, and it may be assumed that the general appearance of 
the zooecium is that of Costahcclla hastata (Busk, 1852) 

The sternal area of Macgilliviay's (1895) figured specimens 
and of all the specimens examined agree exactly with Levmsen’s 
figures The observed range m the, number of fenestrae was nine 
to fourteen 

This species differs fiom Costaticella hastata (Busk) m the 
more elongate foim of the zooecium and sternal area and the 
greater number of fenestrae 

Waters (1883) has recorded Catemcella hastata from Waurn 
Ponds and Torquay, but this is open to doubt since no specimen 
m the National Museum collections or m those of the author can 
be referred to Costaticella hastata (Busk) 

Recent specimens of C benecostata have not been available for 
examination and comparison 

Dimensions—Zooecium from Clifton Bank (Muddy Creek) * 
Zooecium, length 0 47 mm, width 0 28, apeiture, diameter 010 

Distribution—Recent: Western Port (Levmsen) 

Lower Miocene. Waurn Ponds and Spring Geek (Toiquay) 
(Waters), Clifton Bank (Muddy Creek, Planulton), Griffin's 
(near Batesford), Campbell's Point (Lake Connewarre), Bates- 
ford Tunnel marl dump, Mitchell River at Bairnsdale, Glencoe 
No 7 bore 580 feet-790 feet, Balcombe Bay 

' Costaticella hiulca (Maplestone, 1899) 

Catemcella hiulca Maplestone, 1899, p 9, pi n, fig 18, idem, 1904, 
p 187 

Costicella cuspidata Levmsen, 1909, p 235, pi xx, figs 6\-c 

Description—Levmsen (1909) has given a satisfactory diag¬ 
nosis of this species. 

Dimensions—Of holotype, Zooecium, length 0 53 mm, width 
0 49; aperture, diameter Oil Recent zooecium from Western 
Port Zooecium, length 0.47, width 042; aperture, diameter Oil 

Distribution—Recent Port Phillip (Levmsen), Western Port 
(J. Gabriel, coll ) 
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Lower Miocene Clifton Bank (Muddy Creek, Hamilton) 

Observations —A comparison of Recent specimens with 
Maplestone’s type of Catemcclla huilca shows that these two 
forms are identical Maplestone’s obscure figure is rather mis¬ 
leading, but an examination of the specimen leaves no doubt as 
to the two forms being conspecific 

This species is characterized by its broad zooecium and its 
sternal area with seven to ten fenestrae and spines 

Sub-genus Costaticelhna, sub-gen nov 

Description—This sub-genus has all the characters of the 
genus Costaticclla Maplestone, except that the suprascapular 
compartments are not calcified 

Observations —This sub-genus has been erected for the 
reception of Catemcella latifrons Macgilhvrav, which differs from 
all other species of Costaticclla in having uncalcified supra¬ 
scapular compartments 

OoSTATICELLA (COSTATICELLIXA ) LATIFRONS ( Macglllivray, 

1895) 

Catemcclla latifions Macgilluray, 1895, p 15, pi i, fig 31 
Maplestone, 1904, p 187 

Phcopora daedala Macgillivray, 1895, p 26, pi iv , fig 4 

Catemcella orbicularis Maplestone, 1898, p 15, pi l, fig 1, idem , 
1904, p. 187 

Description—Zooecium broadly subovate m outline, greatest 
width, at level of scapular compartments, almost equals length of 
zooecium 

Slightly concave proximal rim, m middle third of zooecium, 
situated one-quarter of distance proximally from distal connect¬ 
ing-tube apeiture Height of aperture equals two-thirds 
distance from proximal rim to distal connecting-tube aperture 

Sub-circular sternal area, equalling m length nearly three- 
quarters that of zooecium, is ornamented by about fifteen hollow 
spines separated by fissures with a corresponding number of 
fenestrae 

Scapular compartments, at level of distal half of aperture, 
face laterally or obliquely upward Restricted suprascapulai 
compartments face upward and obliquely forward Distal 
infrascapular compartments extend to middle level of zooecium 
and proximal infrascapular compartments extend to proximal 
connectmg-tube aperture, both facing directly laterally 

Dorsal surface depressed m middle line and along the lateral 
and distal margins 

Axis of daughter zooecium inclined at 30 deg to that of 
mother zooecium 
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Ovicell not known 

Dimensions—Mother zooecmm of holotype Zooecium, length 
0 56 mm, width 0 42, aperture, diametei 014 

Distribution—Lower Miocene Clifton Bank (Muddy Cieek, 
Hamilton), Griffins (near Batesfoid), Campbell’s Point (Lake 
Connewane), Flinders, Glencoe No 7 boie 580 feet, Moorooduc 
No 6 bore 4 feet-6 feet, Balcombe Bay 

Observations —This species is characterized by its broad 
outline and the very large sternal aiea The latter is not 
always preserved, but the bases of the hollow spines may be seen 
as a submargmal row of crenulations 

Macgillivray’s Phcopora doc data, which he has figured with 
the distal end downwards, is an old zooecium of this species which 
has the sternal area worn off 

Maplestone’s Catcnuella Oflnculans is a well-pieseived old 
zooecium of this species, and diffeis m no essential feature fiom 
C . latifrons 

Artificial Key to the Victorian Tertiary Species of 
Costaticella Maplestone. 

f Suprascapular compartments not calcified C ( Costaticelhna ) lati- 

1 1 irons (MacG ) 

L Suprascapular compartments calcified 2 

2 f More than twenty-five fenestrae C hneata (MacG) 

l Less than twenty-five fenestrae 3 

3 (Length width of zooecmm as 1 1 C cnbnfoimis (Waters) 

ILength width of zooecium as less than 114 

4 , / Zooecmm elongate C benecostata (Levmsen)' 

l Zooecium broad .. . C lnulca (Maplestone) 

Genus Digenopora Maplestone, 1899 

Digenopoia Maplestone, 1899, p 6 Canu and Bassler, 1927, p 21, 
idem, 1929, p 449, text figs 181 C, D 

Genotype —Digenopora retrovcrsa (Macgilhvray, 1895) 

Observations—Maplestone (1899) described the single 
species Digenopora compta as belonging to this genus, but an 
examination of the type specimen of Catcnuella retrovcrsa 
(Macgilhvray, 1895), shows it to be an old zooecium of Maple- 
stone’s Digenopora compta , between which a connecting series can 
readily be obtained. 

The distinctive characteristics of this genus are that the supra¬ 
scapular compartments are not calcified, and the frontal combines 
the sternal ornamentation of Costaticella Maplestone, 1899, and 
Strongylopora Maplestone, 1899. 

This genus is placed provisionally m the sub-family Scuti- 
ceilinae since no ovicell which can be correlated with the geno¬ 
type has been discovered Its general affinities aie, however, 
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with this group, as is shown by its uncalcified suprascapular com¬ 
partments and its sternal area ornamented by hollow spines as m 
Costaticella, but with the additional submarginal row of oval 
pores, typical of Strongylopora Maplestone, 1899 which, how¬ 
ever, is not a member of the Scuticellmae 

To Maplestone’s description (1899) should be added that the 
suprascapular compartments are not calcified 


Digenopora retroversa (Macgillivray, 1895) 

Catemcella cnbrana Macgillivray (non Busk, 1852), 1895, pi i, 
fig 20 

Catemcella retroversa Macgillivray, 1895, p 13, pi i, fig 24, 
Maplestone, 1904, p 188. 

Digenopora compta Maplestone, 1899, p 6, pi i , figs 10, 10a, idem , 
1904, p 190 Canu and Bassler, 1929, p 449, text figs 
181 C, D 

Description—Zooecium ovate m outline, greatest width, at 
level of scapular compartments, equals two-thirds length of 
zooecium 

Broad short sternal area, less than one-third length of 
zooecium, bears seven to nine hollow spines and fenestrae A 
submargmal row of nine to thirteen oval fenestrae borders the 
sternal area 

Scapular compartments, at and above level of distal rim of 
aperture, lodge small avicularia facing directly laterally and 
slightly upward Forwardly and upwardly-directed shallow 
suprascapular compartments have a proximal extension border¬ 
ing distal rim of aperture Distal infrascapular compartments, 
facing directly laterally, extend to middle level of zooecium, 
proximal infrascapular compartments extending to proximal 
connecting-tube aperture 

Slightly convex proximal rim, m middle third of zooecium, 
situated more than one-third distance proximally from distal 
connecting-tube aperture Height of aperture equals one-half 
to two-thirds distance from proximal rim to distal connecting- 
tube aperture 

Dorsal surface depressed at lateral margins and distal angles 
of zooecium 

Axis of daughter zooecium inclined at 50 deg. to that of 
mother zooecium 

Ovicell not known. m 

Dimensions—Mature zooecium from Balcombe Bay. Zooe¬ 
cium, length 0 63 mm , width 0.46; aperture, diameter 0 14 Old 
zooecium from Hamilton bore 80 feet-85 feet* Zooecium, length 
0 55, width 0 48, aperture, diameter 014. 
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Distribution—Lower Miocene Clifton Bank (Muddy Cieek, 
Hamilton), Campbell's Point (Lake Connewarre), Gnffin’s (neat 
Batesford), Flinders, Hamilton bore 80 feet-85 feet, Mitchell 
River at Bairnsdale, Glencoe No 7 bore 650 feet, 705 feet, 790 
feet, Moorooduc No 6 boie 4 feet-6 feet, Balcombe Bay 

Upper Ohgocene • Glencoe No 7 bore 1,270 feet 

Observations—Macgilhvray’s figuie of Catena clla letroversa 
represents an old zooeemm of the same species as the matuie 
zooecia figured by Maplestone (1899) under the name of Digen - 
opora compta In old zooecia of this species the lateral margins 
tend to become backwardly--directed, and the sternal area is 
more heavily calcified, the outline of the zooecium becomes 
sub-circular 

The specimen figured by Macgilhvray (1895) undei the 
name of Catenicella cnbrana is seen on examination to be a 
zooecium of this species, as suggested by Maplestone (1899) who, 
however, also thought it might be a distinct species 

The position of the avicttlaria, the characters of the sternal 
area and the suprascapular compartments extending aiound the 
distal rim of the aperture aie distinctive features of this species 

Genus Cribricellina Canu and Bassler, 1927 

Cnbncella Levmsen, 1909, pp 220, 238 (name preoccupied by Canu, 
1902, fide Canu and Bassler, 1927) 

Cnbncellma Canu and Bassler, 1927, p 21, idem, 1929, p 449, 
text fig- 182 

Genotype —Cnbncellma rufa (Macgilhvray, 1868) 

Observations —This very natural group is characterized by 
the sternal area being perforated by scattered pores and by the 
presence of uncalcified suprascapular compartments Levmsen’s 
name, as pointed out by Canu and Bassler (1927), is preoccupied 
(Canu, 1904), 

Cribricellina ciubraria (Busk, 1852) 

Catenicella cnbiana Busk, 1852, p. 359, idem, 1852, 2, p 9, pi \ , 
figs 3, 4. Macgilhvray, 1859, p, 161; idem , 1868, p 143 
Jelly, 1889, p 36 (early bibliography), Macgilhvray, 1889, 
p 25, idem, 1895, p 12, Hamilton, 1898, p 194 Maple- 
stone, 1904, p 186 

Crtbncella cnbrana (Busk), Levmsen, 1909, p 240, pi, xn, figs 
8 a-c 

Cnbncellma cnbrana (Busk), Canu and Bassler, 1929, p 450, text 
figs 182 H-K. Livingstone, 1929, p 97 Stach, 1934, p 15 

Description—Levmsen (1909) has given an adequate descrip¬ 
tion of this species 

Dimensions —Recent zooecium * Zooecium, length 0 47 mm , 
width 0 88; aperture, diameter 0 11 Zooecium from Glencoe No, 
7 bore 330 ft , Zooeciumj length 0 53, width 0 35, aperture, 
diameter, Oil 
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Distribution—Recent Victoria Queens cliff, Port Phillip, 
Sealers’ Cove (Macgillivray), off Two Sisters' Is (J Gabriel 
coll ) , Griffith’s Point (Aust Mus coll) New South Wales: 
3-4 miles off Eden 25-30 fathoms, 12-22 miles N ^ E from Green 
Cape 39-46 fathoms (Aust Mus coll) Queensland Port 
Denison (Aust Mus coll ) Tasmania off Launceston and 
Devonport (Aust Mus coll ) New Zealand Akaroa (Levin- 
sen) , Napier, Wellington, Dunedin (Hamilton), Three Kings’ 
Is 65 fathoms, Colville Channel (Livingstone). 

Middle Miocene Glencoe No 7 bore 330 feet. 

Lower Miocene Clifton Bank (Muddy Ck, Hamilton), 
Campbell’s Point (Lake Connewarre), Mitchell River at Bairn- 
dale, Balcombe Bay 

Observations—The zooecia of this species are veiy variable 
m character Old zooecia show very large and well-marked 
sub-margmal pores and are larger and much more elongated than 
younger zooecia There is no doubt of the identity of the fossil 
specimens with Recent zooecia 

The specimen figured by Macgillivray (1895) as Catenicella 
cribrana is seen on examination to be a zooecium of Digenopora 
retroversa (MacG), 1895, but many authentic specimens of 
Cnbncellina cribrana (Busk, 1852), have been seen m the 
Macgillivray collection 


Genus Strophipora Macgillivray, 1895 

Strophipora Macgillivray, 1895, p 17 Levinsen, 1909, p 257. 

Canu and Bassler, 1929, p 449, text fig 1S4 

Genotype— Strophipora harveyi (Wyville-Thompson, 1858). 

Observations—The teimmal gonoecia described as Strophi¬ 
pora triangular is and 5 episcopahs by Maplestone (1911, 1913) 
are regarded as ovicells of the genotype, and on this evidence 
(p 45) this genus is placed m the sub-family Scuticellmae. 
Wyville-Thompson’s diagnosis (1859) of the ovicell of the geno¬ 
type is believed to be a description of an abnormal avicularium 
such as that figured by the author (1934, text fig 9g) 

Canu and Bassler (1929) have proposed that Macgillivray’s 
genera Stenostomarm , Microstomaria and Ditaxipora should be 
made sub-genera of the genus Strophipora . The form described 
as Strophipora belhs by Maplestone (1898) shows an ovicell sur¬ 
mounting the mother zooecium of a triglobulus, the daughter 
zooecium of which has the distinctive characters of Stenostomaria 
solid a (Waters). Maplestone (1899) later figures the distal 
portion oi a similar specimen, naming it the ovicell of £ sohda 
(Waters). The ovicell of Stenostomarm is thus shown to belong 
to the mother zooecium of a triglobulus, as is also the case m the 
genera PteroccVa Levinsen, Claviporella Macgillivray, and 
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Strongxlopora Maplestone Since Stcnostomana has a dififeient 
type of ovicell from that found m the genus SUoplitpoia , it 
should letam generic lank 

The affinities of the genus Microstomana Macgilhvray with 
the Catenicelhdae aie very doubtful The holotype of the 
genotype, M tubulifera Macgilhvray, does not show any distal 
connecting-tube apertures, and until a series of specimens have 
been examined, its validity must remain m doubt, 

The zoarial habit of Dita.xipora appeals to be sufficiently dis¬ 
tinctive for the letention of its generic rank 

Levinsen (1909) has given a good diagnosis of Stroplnpora 

Strophipora hapveyi (Wyville-Thompson, 1858) 

Catcnicclla hatveyi Wyville-Thompson, 1858, p 137 (fide Nicldes 
and Bassler (1900) and Macgilhvray (1895)), idem, 1859, 
p 145 Jelly, 1889, p 37 (early bibliography) 

Strophipora hatveyi (Wyville-Thompson), Macgilhvray, 1895, p 
17, pi u, figs 9-12 Maplestone, 1904, p 188 Levinsen, 
1909, p 258, pi xxi, figs* 6 a-f Canu and Bassler, 1929, p 
449, text fig 184 Stack, 1934, p 15, text figs 9 a-g 

Strophipora triangularis Maplestone, 1911, p 268, pi xxxvm, figs 
9 9a, 

Strophipora laezKs Maplestone, 1911, p 269, pi xxxvm, fig 10 

Strophipora episcopahs Maplestone, 1913, p 355, pi xxvii, fig 2 

Description—Levinsen (1909) has amply described and 
figured zooecia of this species and Maplestone (1911, 1913) has 
described and figured the ovicell 

Dimensions—Zooecmm from Forsyth’s (below remame 
nodule bed) Zooecmm, length 0 54 mm, width 0 27, aperture, 
diameter 0 10, 

Distribution —Recent Bass Strait (Wyville-Thompson), 
Western Australia (fide Maplestone, 1904) 

Lower Miocene' Clifton Bank (Muddy Creek, Hamilton), 
Batesford Tunnel marl, Waurn Ponds, Spring Cheek (T<u- 
quay), Fyansford, Griffin’s (near Batesford), Campbell’s Pomt 
(Lake Connewarre), Bell’s Beach (between Torquay and Pt 
Addis), Forsyth’s below remame nodule bed (Grange Burn, 
Hamilton), Mitchell River at Bairnsdale, Nhill (Maplestone) 
Hamilton bore 80 feeL-85 feet, Glencoe No 7 bore 580 feet, 650 
feet, 705 feet, 725 feet, Balcombe Bay 

Observations—This species is characterized by its elongate 
oval outline and proportion of length to width Old zooecia 
tend to become broader and very rotund, the small avicularia 
generally facing forward These characters serve to distinguish 
old zooecia of this species from zooecia of Strophipora lata 
Macgillivray. 
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This distinctive species vanes considerably, paiticularly as 
regai ds the foim of the aviculana as pointed out by the authoi 
(1934) Unfortunately, no Recent specimens were available for 
examination, and Wyville-Thompson’s original paper (1858) was 
inaccessible to the author However, a review of his paper has 
been given (1859) together with the original descriptions of the 
species, and this, together with Levinsen’s description and figures 
(1909) of zooecia from the original zoanum taken by Harvey, 
form the basis of comparison 

The fossil forms agree with Levmsen’s descnption and 
figures, but since he only dealt with a small fragment of the 
zoanum, it is possible that all the variations recorded by the 
author (1934) m fossil zooecia did not appear on this fragment 
Levmsen (1909) did, however, record a certain amount of varia¬ 
tion m size and position of the aviculana 

The ovicell of this species has been described by Wyville- 
Thompson (1859) as follows, " Ovicell calyptriform, sessile by 
a broad base in the position of one of the aviculanan processes of 
the cell, which it replaces Back of ovicell furnished with a 
very large sessile aviculanum ” It is believed that Wyville 
Thompson has descnbed a large aviculanum, similar to that 
figured by the author (1934, text-fig. 9g), being deceived into 
regarding this as an ovicell by the large swelling seen m frontal 
view This also strengthens the belief that the abnormal forms 
figured (Stach, 1934) come under the category of zooecial 
variation 

The ovicell is believed to be a terminal gonoecium, and the 
forms described as Strophipora triangularis (1911) and S 
ep'iscopahs (1913) by Maplestone are correlated with this species 
The evidence for this correlation is that three specimens of this 
type of ovicell are known, and ^ harveyi is by far the most 
prolific species of the genus Strophipora. The ovicell of .S' 
excavata Maplestone, represented by a single specimen m the 
Macgilhvray collection, has certain features m common with its 
zooecia, and by a process of elimination these ovicells must belong 
to S', harveyi since Maplestone has recorded them from localities 
at which S harveyi is common, but from which S' lata } the re¬ 
maining species, has not been recorded. 

The form descnbed as Strophipora laevis by Maplestone 
(1911) is obviously a young zooecium of 5 harveyi, the “ curved 
spinous processes arching over the distal part ” being the begin¬ 
ning of the development of the distal boundaries of the lateral 
compartments 

Macgilhvray’s harveyi var porosa (1895) is regarded as 
a zooecium m which excessive calcification of the septulae has 
made them salient. Calcification of pores is a common feature 
m old zooecia of species of the Catenicellidae It may here be 
stressed that it is practically useless to give fossil forms varietal 
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standing fiom a study of a senes of isolated zooecia, since it is 
almost 'impossible to decide whethei the distinctive chaiacter 
does 01 does not come under the categoiy of zooecial variation 

Strophipor \ excav u \ Maplestone, 1899 

Stinphipoia ercavata Maplestone, 1899, p 10, pi n. fifts 20, 20a, 
idem, 1904, p 188 

Sti pfrhipcn a suit ala Maplestone, 1899, p 10, pi n, figs 21, 21a, 
i’ dan , 1904, p 188 

Description—Zooecium sub-tnangulai m outline tapering to 
pioximal connectmg-tube apeiture, lateral margins concave, 
greatest width, at summit of zooeemm, equals half length of 
zooecium 

Slightly concave proximal rim, one-tlurd width of zooecium 
m length' situated one-tlurd distance proximally from distal con- 
nectmg-tube apeiture Height of apeituie equals two-thirds 
distance from pioximal rim to distal connecting-tube aperture 

Large elliptical pore, situated m centie of zooecium one-tlurd 
distance proximally from pioximal rim to proximal connectmg- 
lube apeiture, suirounded by a raised band extending from 
proximal rim to proximal connectmg-tube aperture 

Small scapular compartments, situated at level of distal rim 
of aperture, face directly laterally or surmount forwardly- 
directed short tubular prominences Small supiascapular com¬ 
partments face obliquely forward and upwaid Long forwardly- 
directed infrascapular compartments extend fiom level of distal 
rim of aperture to proximal connectmg-tube aperture, perforated 
by about five septulae 

Dorsal surface with a broad median longitudinal ridge raised 
at the margins 

Axis of daughter zooecium inclined at 50 deg to that of 
mother zooecium 

Ovicell a terminal gonoeeium transversely elliptical m out¬ 
line The aperture, facing- obliquely downward, equals one-half 
length of zooecium, slightly concave proximal nm situated less 
than half distance proximally from proximal connectmg-tube 
aperture to summit of ovicell Oval pore below proximal nm 
in centre of raised band extending from proximal nm to proxi¬ 
mal connectmg-tube aperture About five septulae pierce 
depressed areas on either side of raised band A large pore 
pierces ovicell above distal rim of aperture 

Dorsal surface very convex with a median broad raised band 
giving off lateral branches at level of proximal lim 

Dimensions—Zooecium from Clifton Bank, Zooecium, length 
0 45 mm, width 0 30, aperture, diameter 0 11 Ovicell from 
Clifton Bank* Length 083, width 0 92, aperture, diameter 0 48 
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Distribution—Lower Miocene Clifton Bank (Muddy Creek, 
Hamilton), Flinders, Campbell's Point (Lake Connewarre), 
Glencoe No 7 bore, 580 feet 

Observations —This species is characterized by its outline 
and the more proximal position of the central pore 

An ovicell from Clifton Bank, wheie this species is most 
prolific, was found m the Macgilhvray collection It is correlated 
with this species mainly on the characters of the central pore 
and of the depressions on either side of the raised median band 

Maplestone's Strophipora sulcata (1899) is a zooecium of 
this species with large avicularia which decrease the extent of 
the depressions on either side of the median ridge seen m dorsal 
view A series of zooecia can readily be obtained to link these 
two forms, and they undoubtedly both belong to the same species 

Strophipora lata Macgilhvray, 1895 

Strophipora haiveyi, var lata Macgillivray, 1895, p 18, pi n, 
fig 12 

Description —Zooecium broadly semielliptical in outline, 
greatest width, at summit of zooecium, equals length of zooecium 

Concave proximal rim, m centre third of zooecium, situated 
almost one-half distance proximally from distal connecting-tube 
aperture Height of aperture equals three-quarters of distance 
from proximal run to distal connecting-tube aperture. A pair 
of stout downwardly-curved denticles situated one-third dis¬ 
tance distally from proximal rim to distal rim of aperture 
which is salient 

Large circular pore, situated m centre of zooecium one-third 
distance distally from proximal connecting-tube aperture to 
summit of zooecium, surrounded by a transversely-elliptical 
raised border 

Moderate-sized scapular compartments, situated at level of 
distal half of aperture, face directly laterally Suprascapular 
compartments small and directed upward Extensive mfra- 
scapular compartments on each side of zooecium are longitudi¬ 
nally depressed m middle line and have about seven septulae 

Dorsal surface very strongly arched in plane of axis of zooe¬ 
cium and depressed along lateral margins A raised band 
extends distally from proximal connecting-tube aperture and, 
proximal to distal connecting-tube aperture, divides into two 
branches extending to tips of avicularia. 

Axis of daughter zooecium inclined at 30 deg to that of 
mother zooecium 

Ovicell not known. 

Dimensions —Single zooecium from Hamilton bore 80 feet- 
85 feet Zooecium, length 0 57 mm, width 0 56, aperture, dia¬ 
meter 0 14 
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Distribution.—Lower Miocene Clifton Bank (Muddy Oree,k> 
Hamilton), Flinders, Bates foul Tunnel mail, Hamilton bore 
80 feel-85 feel, Balcombc Bay 

Obscivations—This species is chaiactcmed by its usually 
laterally-directed aviculana, bioad outline, stiong denticles, and 
the transversely-elhptical 1 arsed border surrounding the cential 
poie 

Macgillivray’s Sti op hip ora harveyi var* lata is raised to 
specific rank, since the above chaiactets are practically constant 
and afford sufficient chaiacter to separate this foim as a distinct 
species 
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Fig, 1 —Vittaticella elegans (Busk) Gemmate pan fiom Fcusytlfs 
(below remame nodule bed) Grange Burn, Hamilton (Stach 
Coll) Nat. Mus Coll, Regd No 13898 

Fig 2 —V eleqans (Busk). Single /ooccium fiom same locality Nat 
Mus Coll, Regd No 13898, 

Fig. 3—4V elegans (Busk) Single /ooccium hom neat Two Sislets* 

Is. (Bass Strait) (Coll. J Gabriel). Nat Mus Loll, Regd. No 
68050. 

Fig 4— V . elegans (Busk). Gemmate pair from same locality (041. J. 
Gabriel) Nat Mus Coll., Regd. No. 68050 

Fig, Micella urnula (Macgilhvray) Single Recent /ooccium 

(modified fiom Levinsen, 1909), X 33, 

Fig. 6.— S, urnula (Macgilliviay) Single zooeemm fiom Pmsytlfs (below 
remaniG nodule bed), Grange Burn, Hamilton (Stach Coll), Nat, 
Mus Coll, Regd No. 13899 

Fig. 7 —S gippslandica, bp. nov Single /ooccium (hulolypc) fnmi 

Mitchell River at Bannsdale (Stach Coll) Nat, Mus. Coll, 
Regd No. 13900 

Fig 8 —S gippslandtca, sp. nov, Single zooccium (paratvpc) fiom 

Largon Ck, off Toorloo Arm, 8 mis, E, of Lakes Entrance (Stack 
Coll), Nat Mus. Coll, Regd, No 13901 


Fig 9—£ lata, sp nov Single zooccium (paiatype) from Forsyth* s 
(below i emaille nodule bed), Giange Bum, Hamilton (Stach 
Coll.) Nat Mus Coll, Regd, No, 13902. 
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Fig 10 —S lata , sp nov Single zooccmm from hololypc zoamim fiom 
Western Poit (J Gabriel Coll) Nat Mus Coll, Regd. No 
68051 

Fig 11 —CostaUcella bcnccostaia (Levin sen) Single zooecium from 

Bates ford Tunnel mail (Stach Coll) Nat Mus Coll, Regd No 
13903 

Fig 12— C bcnccostata (Levmsen) Geminate pair fiom Clifton Bank 
(Muddy Ck, Hamilton) (Stach Coll) Nat. Mus Coll, Regd 
No 13904 

Fig 13 —StropJnpora lata Macgillivray Single zooecium from Hamilton 
bore 80 ft-85 ft (Geol Surv Vic Coll) Nat Mus Coll, Regd 
No 13905 

Fig 14 —S lata Macgillivray Geminate pair from same locality Nat 
Mus Coll, Regd No 13906 

Fig 15 —S cxcavaia Maplestonc Ovicell from Clifton Bank (Muddy 
Ck, Hamilton) (Macgillivray Coll ) Nat Mus Coll, Regd No 
13907 



54 


Janet IF* Ruff 


[Proc Ro\ Sex Viuokia, 47 (NS), Pi I, WM | 

Art IV —Observation j> on Saw-flies of the Genus Perga, with 
Notes on some i cared Primal y Parasites oj the Families 
Tngonahdac , hhncmnonidae, and Tat hint due 

By JANET W, RAFF, M Sc , F R K S 
(With Plates IV and V ) 

[Read 12th Apnl, 1934, issued sepaiately, 22nd Ouembei, 1934] 

In a previous paper (11) details are reemded of emergences 
from foui broods of saw-fly larvae of the genus Perga It was 
not lealized then that delayed emergences occuued, and fmthei 
saw-flies and paiasites subsequently emerged fiom tlnee of the 
broods (Bioods 1, 2, and 4) The total cmeigences are now 
recorded, together with identifications of the species The saw- 
fly reared from Brood 2 was a new species, Perga ncmwralh 
Wilson (14), with maiked sexual dimorphism Results of cmei¬ 
gences from othei broods aie also recorded, the conditions of 
isolation of these “ captive ” hioods being similar m all cases 

The details of emergences from the different broods forms 
the second section of this paper It is preceded by a general 
account of the history of saw-fly development from the time 
the fully-grown larva enters the soil, for cocoon-spmmng, to the 
emergence of the adult This is desirable as discrepancies have, 
appealed m accounts of this poition of the life-histoiy. Froggatt 
(S, 6) has apparently confused the stages of a paiasite, (probably 
an Ichneumonid) with those of the saw-fly. By removing the 
cocoons from the soil, examining them from time to time, and 
noting the contents of cocoons from which emergences have 
occurred, a correct idea of the order of development has been 
obtained This sequence of events is important for the inteipre- 
tation of the meaning of exuviae or ” remains,” found in cocoons 
under examination, especially with a parasitized brood. 

The third section comprises notes on three types of primal y 
parasites, bred from “ captive ” broods of saw-flies, viz , Trigona- 
lidae, Ichneumomdae, and Tachimdae. The existence of a 
Trigonalid as a primary parasite is noteworthy, as the Trigonalidae 
have hitherto been recorded only as secondary parasites 

Section A.—Life-history of the Saw-flies from Time 
of Entering the Soil for Cocoon-spinning to 
Emergence of the Adult, 

From an examination of cocoons removed from the soil, the 
following four stages have been identified, and are represented 
diagrammatically in Fig 1 — 

A Cocoon containing the “ above-ground ” laiva. cocoon 
weak or incomplete at top. 
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B. Cocoon containing the prepupa, the laival exuvia being 
shut off at top of cocoon 

C Cocoon containing pupa, with piepupal exuvia adheiing 
D Cocoon containing adult, with exuviae of piepupa and 
pupa 



Text-fig 1 —Diagram showing metamorphosis of saw-fly (a), Laiva, 
(a 1 ), Exuvia of larva, (|&), Prepupa, (& 1 ), Exuvia of prepupa, 
(c)> Pupa, (c 1 ), Exuvia of pupa, (d), Adult, (l ), Paitition 

Thebe foui stages indicate the following sequence of events m 
the hfe-histoiy after the cessation of feeding —The fully-fed 
larva enters the soil and spins an oval cocoon, weak or incomplete 
at the top The cocoon is firm, of a silky texture mixed with 
sand, and more or less “glazed” m appearance inside-—Text- 
fig I A They are geneially massed together from 1 to 3 
inches beneath the surface of the soil Almost immediately 
after cocooii-spmmng, the laiva moults or changes to the prepupal 
stage, the cast skin being left at the top of the cocoon A firm 
flat partition is then foinied near the top, shutting off the larval 
exuvia—Text-fig, 1 B The paitition is a closely woven 
mesh work appearing more or less lace-like from above The 
inner walls of the cocoon are appaiently “glazed” still further 
by the prepupa, the glazing being continued over the lower sur¬ 
face of the partition The prepupa is larval m appearance, but 
compared with the above-ground laiva, is shorten and more, com¬ 
pact, with a softer and lighter-coloured body The folds of the 
body wall are mote pronounced, the legs are slimier, and owing 
to the lightei colour of the head, the single black ocellus is con¬ 
spicuous on either side (PI fV, Fig 1) There is no external 
indication of wings. The prepupa can apparently change its 
position while glazing the inner walls (PL IV., Fig 2) The 
usual position of rest appeals to be with the head at the top of 
the cocoon Without entering mlo the mmute differences m struc¬ 
ture of the cocoon-spinning larva and the prepupa, it may suffice 
to mention the differences m the mandibles, as these are useful 
in determining the nature of the exuviae or “ remains ” found in 
cocoons The mandibles of the larva are hard and heavily chiti- 
nized throughout, dark brown or black, and bluntly toothed, 
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(PI V, Fig 9) The mandibles of the piepupa aic much less 
heavily chitimzed, especially al then outer ot lateral margins; 
they aie yellowish, with the cutting edges claik brown, the latlci 
furnished with shaiply-pomted teeth (PI V ^ Pig 10) The 
cutting edges of the light and left mandibles differ slightly lit mi 
each other m both stages 

After a varying period, wlmli may be veiy piolonged, eedysis 
occurs, and the pupal stage is lcvcalcd, the prepupal exuvia 
adhcimg to the hmdei abdominal region of the pupa—Text- 
fig 1 C The pupa is soft and whitish at fust, daikemng later, 
and has the head region placed against the flat paitition of the 
cocoon (PI IV, Figs 3 and 4). The pupal stage is probably 
very shoit At the next eedysis the fully-foimed adult is 
levealed (PI IV, Fig, 5), the thin transparent exuvia being 
pushed to the bottom of the cocoon, wheic it is seen along with 
the old pi epupal exuvia—Text-fig 1 D The pre-pupal 
and pupal exuviae often appeal to lie cemented together no 
doubt by the moulting fluid, and by the, movements of the adult, 
They can easily lie scpaiated and identified, after soaking for a 
short time in a weak potash solution. 

To emerge from the cocoon, the adult cuts the paitition m a 
more or le,ss neat ciiclc at the top It is very active and capable 
of strong flight immediately 

The above facts show that m normal healthy broods of saw- 
flies, complete or unopened cocoons should contain eithei the saw- 
fly laiva, or one of the three subsequent stages (piepupa, pupa, or 
adult), along with the exuviae of their pieyious mslars 
“ Opened ” cocoons, i e,, those from which emergences have 
occurred natuially, should contain the exuviae of all stages 
These are to be found generally inside the cocoon mixed with 
loose sand which has fallen in when the adult was emeigmg, 

In cases where cocoons are found to contain stages other than 
those mentioned above, parasites are present. A careful exami¬ 
nation is necessary to determine the relationship of the para¬ 
site, to the host 

Notes oisf the Pretupa and Pxjpa 

The prepupal stage refers to the stage interpolated between 
the fully-fed larva and the pupa. In the case of Perga sp , it is 
the larva-like, non-feeding form enclosed in the cocoon, and is 
the stage following the fully-fed cocoon-spinmng larva, It is 
referred to as the ‘ultimate” larval stage by MacGuilhvray(7). 
In some cases, this prepupal stage apparently spins the cocoon * 
thus Middleton(8) says “the prepupa, or seventh laival instar, 
is the non-feeding cocoon-spinmng stage m which the larvae 
search out a suitable place to spend their quiescent pci tod ”; and 
Miles (9) notes, regarding saw-flies infesting Ribes, that the 
prepupal stage forms the cocoon, 
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In all cases, however, the prepupa is the stage which “ lasts 
over ” for vaiymg periods before changing to the pupal stage. 

In captivity the duration of the piepupal period varies con¬ 
siderably m the case of Perga sp , even in individuals of the same 
brood Wheie laivae have entered the soil m the spring, emerg¬ 
ing as adults towards the end of the following summer, as 
exemplified m Broods 1, 2, and 4, it is probable that nearly the 
whole of this period was spent as a prepupa, viz , between four 
and five months In those broods where further emergences 
occurred at the end of the second summer (as m Broods 1 and 
2), the prepupa would “ last-over ”, the piepupal period being 
probably between sixteen and seventeen months Indirect evi¬ 
dence of the existence of this long prepupal stage is obtained from 
examination of cocoons of “ captive s broods fiom lime to time, 
from the frequency with which the prepupal stage is found The 
writer has obtained direct evidence of a prolonged prepupal 
period m three individual cases; the most noteworthy occurred 
m Brood 2, where the saw-fly lemamed in the prepupal stage 
for nearly four years The other two cases aie those of prepupae 
living for tlnee years and tout months, and for two yeais at 
least (Bioods 1 and 10) Details of these cases aie as 
follows — 

Case 1 Prepupal Period —3 yeais, 11 months Biood 2 

Perga nemorahs Wilson (see Section B) Laivae entered 
the soil on 16th Octobei, 1928 emergences occurred, during 
March and April, 1929, and again m March, 1930 On 
Fehruax-y 24th, 1932, as no further emergences had 

occuired, the cocoons were lemoved fiom the soil and 
examined, one contained a living prepupa This prepupa 
had then lived for 3 yeais and 4 months The cocoon was 
placed in a gelatine capsule supported m damp sawdust, and 
kept isolated lor fuither observation The prepupa was 
alive on 14th Septcmhci, 1932, le, after a period of 7 
months, bringing its total existence m this stage to 3 years 
and 11 months Owing to the growth of moulds later, it 
died This appears to be a record of longevity 

Case 2. Prepupal Period —3 years, 4 months Biood 1 

Perga dorsalis Leach (see Section B) Larvae entered 
the soil 9th October, 1928 emergences occurred during 
March and April, 1929, and m April, 1930 Cocoons were 
examined on 24th February, 19,32, le, 3 years and 4 months 
after being spun, a living prepupa was found m one In 
June, 1932, this prepupa was found dead, being attacked by 
mites and moulds. 
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Case 3 Prepupal Period —2 yeans at least Binod 10 

Perga pohta Leach Three laivue entered the soil on 16th 
October, 1930 On Febmaiy 24th, 1932, no emergences 
having occui i eel, the cocoons were lemoved for examination 
One was opened, revealing a piepttpa, the othet two weie 
kept intact. The opened cocoon was tied round with cotton 
and leplaced, with the othei two, in the soil In July they 
were again examined, the prepupa was living, and had 
lepaired the hole previously made in the cocoon wall The 
cocoons weie now placed in scpaiate phials plugged with 
cotton-wool and supported in damp sawdust, On 26th 
October, 1932, an adult female emerged hom one of the 
previously unopened cocoons, examination of the pieviously 
opened cocoon showed that the prepupa was living and 
apparently healthy, that is, after a period of at least two 
years In March, 1933, the prepupa was found dead, 
owing to attack by mites and moulds In July, 1933, when 
the third cocoon was opened a developed female was found 
infested with moulds No doubt it should have emerged 
during the pievious March or April, 

Thcie appears to be no previous record of this prolonged 
prepupal period foi Australian saw-flies Of British species, 
Cameron (1) mentions the possibility of a period of two years 
m the cocoon before changing into tile pupa, though he does not 
seem to recognize a prepupal instar He says “ When the larva 
has become full feci it proceeds to pupate Some laivae spin no 
cocoon . but most species spin oblong silken cocoons 

After being in the cocoon the laiva m a short time shortens and 
contracts its shape, the legs at the same time being withdiawn 
into the skin as it were The peuod which elapses between the 
spinning of the cocoon and becoming a pupa vanes accoidmg 
to the season With the sum met broods it may be seven to ten 
days, but the autumnal bioocls do not change until the following 
spring, so that the greater part of their larval existence is spent 
in this inert condition. Jn exceptional cases they may remain 
two years in the cocoon before changing.” 

Dealing with D%elocents formosus King, da Costa(2) icfeis 
to the probable ©estivation of the larva in the cocoon, foi at least 
three years. Apparently, however, these cocoons had not been 
isolated or kept under quarantine conditions during that penocl 

The duration of the pupal stage is probably very short, and 
is easily overlooked. Pupae found in cocoons opened for exami¬ 
nation, being soft and delicate, are easily damaged, and fail to 
metamorphose As other bloods become available for exami¬ 
nation, it is hoped to detetmme the length of this pupal penod, 
Cameron(l) remarks that the pupal state does not last over 
12 or 14 days, as a rule, and may be shorter 
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The well-developed pupae shown m Plate IV, Fig 4, weie 
found within three months of the larvae entering the soil As 
the details available to date for this brood of laivae (Brood 46) 
are not shown in Section B, they are noted as follows —Laivae, 
collected at Healesville by Mi H G Andrewaitha, entered 
the soil on 27th November, 1933 * cocoons were opened and these 
pupae exposed on 16th Febiuaiy, 1934 on 21st Febiuaiy the 
pupal skins were cast, levealmg adults of Perga dorsalis Leach 

Section B.--Results of Emei*gences from captive 
Broods of Saw-fly Larvae. 

The following details are results of emergences from different 
broods of larvae, collected from time to time, and kept isolated 
for observation The mam object m view at first was to deter¬ 
mine the proportion of sexes emerging from the various broods, 
and this has been set out m each case Owing, however, to 
frequent internal parasitism of the larvae when collected, this 
has been masked in most cases Parasitism is fiequent, paiticu- 
larly by Tachmid flies 

Anothei object m view was to associate the laivae with the 
adults foi identification When the various larvae were collected, 
a few were preseived m alcohol, with the biood number attached, 
while others were allowed to enter the soil 

The dates have been shown for each brood, these being im¬ 
portant, especially m regard to the relative times of emergence 
of males and females Though no generalization can be made 
from the data, the females appear to preponderate, and males are 
the earliest to emerge The “ lasting-over ” of both saw-flies 
and parasites is also shown foi some of the broods 

The conditions in captivity were as follows —The different 
broods were placed on soil in flower-pots covered with hurricane 
lamp chimneys or fly-wne covers In most cases, the pots have 
been bmied m soil in larger glazed pots, and by keeping the soil 
in these moist, suitable conditions have been maintained in the 
inner pots 'These have been kept in the Insect ary at the 
School of Agnculture, University of Melbourne* 

Brood 1 Perga dorsalis Leach 

Larvae collected by Mr G F Hill, at Wananclyte, Victoria, 
October 

9th October, 1928—34 larvae entered soil for cocoon- 
spmning 

Emergences occurred as follows — 

15th March, 1929—>1 saw-fly (male) 

8th April, 1929—5 saw-flies (females) 

29th August, 1929.—5 Tachinid flies 
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13th September, 1929—1 Tachimd fly 
8th Apnl, 1930.—1 saw-fly (male) 

16th April, 1930—1 saw-fly (female) 

22nd Apnl, 1930—1 saw-fly (male) 

16th September, 1930—1 Tachimd fly 
22nd September 1930—1 Tachimd fly 

Total Emergences —Thice male and six female saw-flies and 
eight Tachimd flies. 

24th February, 1932—In cocoons opened fm examination, 
ten developed female saw-flies, apparently unable to 
emerge from the cocoons, were found, also a living 
prepupa. 

Brood 2 Perga nemorahs Wilson 

Larvae collected by the water at Wonga Paik (South Wat- 
landyte), Victoria, October, 1928 

16th October, 1928—-Larvae entered soil. 

Emergences occuncd as follows.— 

14th March, 1929—2 saw-flies (1 male and 1 female). 

20th March, 1929—3 saw-flies (females) 

1st Apnl, 1929—2 saw-flies (females) 

9th April, 1929 —1 Tachmid fly. 

24th March, 1930—1 saw-fly (male) 

27th March, 1930—2 saw-flies (1 male and 1 female) 

28th March, 1930.— 2 saw-flies (1 male and 1 female) 

30th March, 1930—3 saw-flies (females) 

31st Match, 1930.—1 saw-fly (female). 

17th Apnl, 1930—1 Tachimd fly. 

1st May, 1930—1 Tachimd fly. 

Total Emergences, —Kom male and twelve female saw-flies, 
and three Tachimd flies. 

24th February, 1932,—On examination of cocoons lemoved 
from soil, one was found to contain a living 
piepupa. 

Brood 3. Perga pohta Leach. 

Layvae collected, by the wiiter, at Blackburn, Victoria, 
October, 1928; 19 larvae entered the soil almost immediately. 
Details of emergences have already been given (11) 

Total emergences were as follows.—During Match and April, 
1929, sixteen female saw-flies cmeiged 

Brood 4 Perga dorsalis Leach 

Larvae collected by the writer at Ellliam, Victoria, September. 
1929, 

11th Octobei, 1929—16 larvae entered soil. 
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Enter gem es ocuued as follows — 

12th December, 1929—5 Tachimel flies 
13th Decembei, 1929—1 Tachinid fly 
14th December, 1929—1 Tachimd fly 
16th December, 1929—1 Tachimd fly 
18th Februaiy, 1930—1 Tachimd fly found dead (actual 
date of emergence not known) 

28th March, 1930—1 saw-fly (female) 

30th March, 1930—1 saw-fly (female) 

2nd April, 1930—2 saw-flies (females) 

5th April, 1930—1 saw-fly (male) 

8th April, 1930—1 saw-fly (female) 

12th July, 1930—1 Tachimd fly 

Total Emergences —One male and five, female saw-flies, and 
ten Tachimd flies 

Brood 14 Perga dorsalis Leach 
Larvae collected Eltham, Victoria, October, 1931 
17th October, 1931—35 laivae entered soil 

Ema genres occuned as follows — 

19th Febiuary, 1932—Two cocoons weie removed from the 
soil and opened—found to contain prepupae 
18th March, 1932—5 saw-flies females) 

19th Mai ch, 1932— 2 saw-flies (1 male and 1 female) 

21st March, 1932—3 saw-flics (females) 

23ul March, 1932—1 saw-fly (female) 

Total Emergences —One male and ten female saw-flies 

Examination of cocoons on 30th May, 1932, yielded the fol¬ 
lowing results — 

11 cocoons contained saw-ffy exuviae only, and lepresented 
those fiom which saw-fly emergences had already 
occurred 

2 cocoons contained dead piepupae, 

5 cocoons weie not opened 

13 cocoons contained 18 Tachimd paiasites (laivae and 
pupana) with remains of saw-fly piepupae 

Brood 16 Perga dorsalis Leach* 

Larvae collected, by the wnter, Healesville, Victoria, Decem¬ 
ber, 1931 

23id December, 1931 —22 larvae entered the, soil 

Emergences occurred as follows .— 

15th Febiuaiy, 1932—1 Tachimd fly (female) 

29th February, 1932—1 saw-fly (male) 

1st March, 1932—1 saw-fly (male)* 
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3rd March, 1932 —1 Tachimd fly (female) 

4th March, 1932—3 saw-flics (females) 

8th March, 1932—1 saw-fly (female) 

10th March, 1932—1 saw-fly (female), 

29th Match, 1932—1 Tachimd fly 

Total Emergences —'Two male and live female saw-flies, and 
three Tachimd flies 

Tins is the shortest pctiod noted for complete metamorphosis. 

Examination of cocoons on ( Hh July, 1932, yielded the follow¬ 
ing results — 

7 cocooiivS contained .saw-fly exuviae only, and lepicseuted 
those from which emetgences had oectmed. 

3 cocoons each contained a picpupa (two (lead, and one 
living, fiom the latter a female emeiged between March 
and May, 1933) 

1 cocoon contained a dead adult saw-fly, enveloped in its 

pupal membrane 

6 cocoons contained Tachmicl pat ashes (two of these were 
subsequently bred out—emeigmg m Scpiemhei, 1933.) 

2 cocoons each contained an fchueumonid cocoon 

Brood 22 Perga donahs Leach 

Larvae collected by Miss J. Robeitson, at liltham, Victoiu, 
October/ 1932 

25th October, 1932—About 16 laivae entered soil 

Emergences occurred as follows — 

7th Match, 1933.—1 saw-fly (male). 

16th March, 1933—1 saw-fly (male). 

17th March, 1933 —1 saw-fly (female). 

23id March, 1933,—2 saw-flies (females). 

24th March, 1933.—1 saw-fly (male). 

27th March, 1933.—1 saw-fly (female) 

8th August, 1933,—1 Tachimd fly (male) 

12th August, 1933—1 Tachimd fly (female). 

23rd August, 1933—1 Tachinid fly (female). 

28th August, 1933—1 Tachinid fly (female). 

30th August, 1933 —1 Tachinid fly (male). 

5th September, 1933—1 Tachimd fly (female) 

18th September, 1933.—1 Tachimd fly (female) 

19th September, 1933—1 Tachinid fly (male). 

§ Total Emergences,* —Three male and four female saw-flies, and 
eight Tachimd flies 
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Brood 23 Perga dorsalis Leach 

Large mass of larvae , collected by Mr K M Ward, at Moo- 
roopna, Victoria, October, 1932 

26th October, 1932—Larvae enteimg soil 

Emergences weie as follows — 

28th March, 1933—2 saw-flies (1 male and 1 female) 

30th March, 1933—3 saw-flies (females) 

3rd April, 1933—3 saw-flies (females) 

4th April, 1933—14 saw-flies (4 males, and 10 females) 

5th April, 1933—4 saw-flies (1 male and 3 females) 

6th April, 1933—3 saw-flies (1 male and 2 females) 

10th April, 1933—1 saw-fly (female) 

3rd May, 1933—6 Tngonalids (females) 

8th May, 1933—1 Tngonalid (female) 

9th May, 1933—2 Tngonalids (females) 

( ? ) May, 1933—1 Tngonalid (female) 

( ? ) May, 1933—Cocoons were examined—1 dead Tri- 
gonalid female found 

Total Emergences —Seven male and Iwenty-thiee female saw- 
flies, and eleven female Tngonalids 

(A large number of this brood died during moulting ) 

Brood 24 Perga nemorahs Wilson 

Larvae , collected by the wnter, at Eltham, Victoria, October, 
1932 

5th November, 1932—Laivae entered soil 

Emergences occurred as follows — 

16th March, 1933—1 saw-fly (male) 

17th March, 1933—2 saw-flies (males) 

18~20th March, 1933—6 saw-flies (2 males and 4 females) 
22-29th March, 1933.—11 saw-flies (females) 

3rd April, 1933—1 saw-fly (male) 

11th April, 1933 —1 Tngonalid (female) 

26th April, 1933.— 2 Tngonalids (males) 

26th April, 1933—Cocoons were removed from soil, and 
subsequent cmeigences were as follows.— 

27th April, 1933—2 Tngonalids (1 male and 1 female) 
emerged on cocoons being opened slightly 
29th April, 1933 —1 Tngonalid (male) emerged 
29th April, 1933.—2 Tngonalids (1 male and 1 female,) 
emerged on co-coons being opened slightly, 

30th April, 1933—1 Tngonalid (male) emerged 
27th June, 1933 — 2 Ichneumonids emerged 

Total Emergences ■—Six male and fifteen female saw-flies, 
nine Tngonalids (6 male and 3 females), and two 
Ichneumonids 
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Examination of 17 cocoons from which emei geneesriad not 
occurred yielded the following lesulis on 28th April, 1933 — 

6 cocoons each contained a prepupa 

4 cocoons each contained a Tngonalid (3 pupae and one 
larva, apparently decaying) 

7 cocoons each contained an Ichneumomd cocoon (5 con¬ 

taining an Ichneumomd laiva, and 2 an Iehucumonid 
pupa) 

Section C.—Notes on Primary Parasites of Pei^ga 
spp., viz., TrigonaIid.se, Ichneumonidse, and 
Tachinidae. 

1 Trigonali dak 

The occurience of wasps of the family Tngonalidae emeiging 
from “ captive” broods of saw-fly laivae is of special mteiesl, 
they have, until now, been shown to be secondaiy paiasites only 
It is now established that the species bred is a primary paiasite 
on Perga nemorahs Wilson, and on P dorsalis Leach The 
specimens from both bloods are identical with Tngonahs, niacth 
latus Sm, (== Taeniogonalos maculatus Sm), in the collection 
of the National Museum 

The family Tngonalidae, though small and raib, is widely 
distributed, only two species being known m Austialia, viz T 
Trigonahs maculatus Sm, and Mimelogonalos bouvien Sell. 
Tillyard (13) places the, family in the Super-family Vespoidea, 
mainly on the presence of a teimmal ovipositoi, and the exten¬ 
sion of the sides of the pronotum back to the tegulae. He notes, 
however, that “This small family appeals to be intwmediate 
between the Ichneumonoidea and typical Ve&poidca, as it has 
the divided trochanters and many-segmented antennae of the 
former, whereas the ovipositor issues from the end of the 
abdomen, and closely resembles those of the latter, though it 
does not appear to be known whether it is used as a sting or not ” 

Other external features of the adult Trigonalid aic tbo follow¬ 
ing,—Body brownish-black with yellowish markings, antennae 
with 25 segments; tarsal claws pectinate; tip of abdomen of 
female turned ventrally, directed towards a median pioeess on 
the hinder edge of the second visible stermte In the male, the, 
second visible stermte has a depressed circular area m the posi¬ 
tion of the process of the female Details of the anatomy of the 
family, with figures, are given by Schultz (12) 

The, Tngonalidae are known chiefly as secondary paiasitcs on 
Vespoids and on Tachinids Recently, however, Clausen (3) has 
recorded the emergence of a Trigonalid ( Poecilogonalos 
thwaitesn Westw ), from cocoons of an Ichneumomd ( Hemcos - 
pilus rufns Tosq ), the latter being regarded as a parasite of a 
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“ lepulopttrims laiva, puil ably of the Nottuidae ” In this case, 
theiefme, tlie Trigonalid is also a secondaiy patasite Jn a later 
papci, Clausen (4) has leviewed the hteiatiue on Tngonalidae, 
giving the known habits of the species Fiom his summaiy all 
cases recorded to that time (1931) were secondai) parasites 
only In seal clung for cateipillar hosts of Ichneumonids, from 
which the Tngonahds emerged, Clausen secuied a single saw-fly 
laiva, which on dissection was found to contain m the body 
cavity tluee Trigonalid larvae m Hist stage All his icaimgs 
of Tngonahds, however, were from cocoons of Ichneumonids, 
which previously parasitized some unknown phytophagous larva, 
that is, they were secondary parasites 

The life cycle of the Trigonahdae in the Ichneumnmd, Ves- 
poid, and Tachimd hosts, is set out by him (hypothetical m the 
case of Vespoids), m tabulated form, as follows — 

Trigonalid female 
Eggs deposited upon foliage 


Eggs oat™!! by caterpillars oi saw-11 v laivae 


Larvae paiasitized by 
Telmoumonid (before oi 
after eggs have been 
eaten) 


"Pnmaiy Trigonalid laiva 
penetrates body of 
lehneumonid larva. 


Develops within lehmm- 
monoid laiva. 


Adult omergos flora 
fchri on mo n m < l cocoon 


Larvae eaten by adult 
Vospoid 


Body Hinds of larvae, 
containing primary 
Trigonalid larvae, fed 
to Vospoid larvae 


Develops withm Vospoid 
larva 


Adult omoi ges from 
Vospoid cell 


Lai vac parasitized by 

Tachimd (before or 

after eggs have been 
oaten) 

Primary Trigonalid laiva 
ponetiatob bodv of 

Tachimd larva 


Develops within Tachimd 
larva, 


Adult emerges from 
Taebmid puparium. 


Evidence of Primary Parasitise of a Trigonalid on Perga spp. 

The details of emergences show that in Brood 23 (Perga dorsahs 
Leach), the only parasites present were Tngonahds, whereas in 
Biood 24 (Perga non oralis Wilson) parasites belonging to both 
Tngonalidae and Ichueumomdae appeared An examination of 
the cocoons from which the Tngonahds had emerged, or which 
might still yield Tngonahds, was made to determine the lelation- 
slnp of the paiasite to the saw-fly, as many of the broods of 
8723,-3 
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larvae nndei obseivation had yielded Tachimd parasites In 
Brood 24, where Trigonalids were present, Ichneumonid cocoons 
were also found m some of the saw-fly cocoons, and Iihneumonids 
have recently been lecoided as hosts for Trigonalids 

If the Trigonalid is a primary parasite on the saw-fly, one 
would expect to find inside the host cocoons, where the Trigona- 
hds are present (or had been), not only the larval and pupal 
exuviae of the Trigonalid, but also “ lemains ” of the saw-fly 
larva, or prepupa, left by the parasite If, on the other hand, 
it is a secondary parasite, then there also should be piesent, m 
the cocoon, exuviae, 01 “remains” of some, other form repre¬ 
senting the pi unary parasite Examination of every fragment 
of material which might represent exuviae or “ remains ” of 
possible hosts, was made with a binocular microscope 

Text-fig 2 —Diagram showing anangemcnt 
of parts in host cocoon, when Trigonalid 
is present (a 1 ), Exuvia of larva of 
saw-fly; ( b u ), Remains of piepupa of 
saw-fly, ((?), Paitition, (/), Meconium, 
and exuviae of Trigonalid larva and 
pupa, (g) } Adult Tngonalid 

Examination of cocoons of Brood 24 yielded the following 
results —Trigonalids weie about to emerge fiom foui of them 
when opened The adult Tngonalid was free fiom the pupal 
covering The antennae were vibrating actively, and it 
immediately escaped through the hole made ft was active and 
capable of flight (There was no cocoon belonging to the 
Tngonalid—compare Clausen (4)) After the walls of the saw- 
fly cocoon were sufficiently cut away, the i dative position of the 
contents was as represented m Text-figure 2 At the top of the 
cocoon was a flat paitition, with a saw-fly larval exuvia above 
At the bottom was a compact dark-greyish mass, “ livery ” in 
appearance, surrounded by a film membrane, with the dried 
remains of the saw-fly prepupa adhering to it Two exuviae 
were seen to be adhering to the “livery” mass, and these, after 
softening slightly in weak potash, could be scpaiated easily, and 
were identified as Tngonalid larval and pupal exuviae respec¬ 
tively The larval exuvia is dirty white, and bears two tn- 
dentate mandibles (Plate V, Fig 11), resembling those of the 
full-grown larva of the Tngonalid figured by Clausen (3) The 
pupal exuvia was translucent white, and showed a pair of slight 
bulges or papillae, which later we,re seen to be the portions of 
the pupal covering, in the legion of the adult mandibles The 
“ livery ” mass is the meconium, or material voided from the 
alimentary canal of the, Trigonalid larva. By teasing out this 
meconium, numerous sharp, sickle-like mandibles (Plate V,, Fig. 
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12) were found scattered tin ought the mass, also minute chitmous 
hcad-capsules, an occasional one of which bore one or both 
mandibles These closely lesemble the heads and sharp man¬ 
dibles of the eailier mstais of Trigonahd laivae, as figured by 
Clausen (3), and no doubt repicsent the remains of the younger 
and weaker Trigonahd larvae The remains of these competitors 
would be in the almientaiy canal of the surviving Trigonahd 
laiva, and therefore in the meconium, expelled at eedysis fiom 
larval to pupal stage These mandibles and head capsules are 
extremely minute and difficult to separate from the moie or less 
buttle mass of meconium when preserved m alcohol In some 
cases the whole of the meconium has not been teased out, the 
greatest number of head-capsules and mandibles found m any 
one meconium has been five of the former and nine of the latter 

Of the three cocoons which contained each a Trigonahd pupa 
(Brood 24), the airangement of the contents was similar to the 
above four cases (with, of course, the absence of the Trigonahd 
pupal exuviae) In these three cases, the meconium and the 
Trigonahd larval exuviae were attached to the pupa, neai the 
anus In one case the saw-fly had metamorphosed to the pupal 
stage, the skm of the latter, as well as the exuvia of the pre- 
pupal stage, being found When the five cocoons fiom which 
Trigonahds had emerged whilst m the soil were opened for ex¬ 
amination, it was found that the contents resembled those of 
cocoons where Trigonahds were observed emerging The 
examination revealed no indication of the presence of any form, 
other than the Trigonahd and the saw-fly It is concluded, there¬ 
fore, that the Trigonahd is a primary parasite on the saw-fly 

2 Icrr NEUMON1DAE 

Of the vanous broods of laivae kept under obseivation, 
Tdmeumonids have occurred m Broods 16, 24, 25, and 36 The 
anangcmenl of the contents o[ saw-fly cocoons, when parasitized 
by Ichneumonids, is somewhat smnlai to that described for the 
Trigonahd paiasite, excepting that the lehneumotud is enclosed 
m a cocoon within the saw-lly cocoon Examination of these 
cocoons shows that the rchneumomds ate primary parasites 
The usual anangcmenl within the host cocoon is as follows’— 
The saw-fly larval exuvia is at the top chamber of the cocoon, 
the Ichneumonid cocoon almost fills the space within the host 
cocoon; in most cases it was found to contain a laige larva 
(Plate IV., Fig 6) Where the parasites had metamorphosed 
to the pupal stage, the cast larval skm and the meconium were 
also picsent, adhering to the tip of the pupa. Lying on the outer 
side of the Tchneumomd cocoon, and flattened against the wall of 
the host cocoon, the remains of the saw-fly prepupa are found. 
In some of the cocoons it was noticed that the sieve-like paitition 
had not been formed, the prepupa being weakened by the paiasite 
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In these cases, both the saw-fly laival exuvia and the remains of 
the prepupa were found attached to the outside of the It linen- 
monid cocoon 

Though Ichneumomds have most often been found to lie the 
only parasite piesent m a particular biood, it has aheady been 
indicated (Brood 24) that theic was also a Tngonahd Both 
these paiasites have been proved to lie piimary m dilTerent larvae 
of the brood In two cases which have come undei my notice, 
both Ichneumomds and Tachimd flies have been found as para¬ 
sites m the same biood, these, however, being piimary parasites, 
on separate individuals 

The following details regarding the lehneumomd parasites 
have been lecoided from the foui broods of saw-fly larvae — 

Brood 16—Fiom the data set out m Section B, it is seen 
that when the host cocoons were examined m July, 1932, 
two were found to contain an Ichneumonid cocoon On 
opening one of these, the parasite was still in the larval 
stage The lehneumomd had thus spent at least seven 
months as a larva within the host cocoon 

Brood 24—Two Ichneumomds (species not indentified) 
emeiged on June 27th, 1933, le, seven months after the 
cocoon-spmning of the host (see data, Section B) The 
cocoons of these Ichneumomds had been removed from the 
host cocoons during April, 1933, each was suppoited in a 
phial, plugged with cotton-wool, and placed m an mcubaloi 
kept at 20 deg C 

When the host cocoons were examined m Apnl, 1933, five 
lehneumomd laivae had lived for at least five months within 
the host cocoon, while two others had metmoiphosed to the 
pupal stage at the end of that time 

Brood 25 —Perga pohta Leach (Date not given m Sec¬ 
tion B) 

15th November, 19*32—Seven saw-fly larvae, collected 
at Eltham by the wiiter, entered the soil 
4th April, 1933—One saw-fly (female) emerged 
21st July, 1933'—One Ichneumonid (Pamsuis pro¬ 
duct us Brulle) emeiged 

The lehneumomd emerged eight months after the cocoon- 
spmning of the host 

Brood 36—Identification of saw-fly not known, as no 
emergences occurred (Data not given m Section B ) 

Larvae collected at Kalorama, Victoria, by Miss If V 
Steele 

10th May, 1933 —Twenty larvae entered the soil 
19th July, 1933 —Cocoons removed from soil 
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Cocoon No 1 was opened slightly and found to contain a 
piepupa which evidently suppoi ted an internal Ichneumomd, 
for on July 31st on i e-examination it contained an Ichneu- 
mould cocoon u Remains ” of prepupal saw-fly were also 
pi esenl 

Two others (Nos 9 and 10) containing Ichneumomd 
cocoons were kept in separate phials plugged with cotton¬ 
wool, foi possible emergences These were placed in a vessel 
containing saturated salt solution (about 75 per cent rela¬ 
tive humidity) and kept at ordinary room temperature A 
mass of about eight cocoons was kept undei similar con¬ 
ditions for possible emergences 

4th December, 1933—Male Ichneumomd (Labium 
assoiiatum T and W ) emerged from mass of 
cocoons 

2nd February, 1934—Ichneumomd ( Enostcthu ? ? sp ) 
emerged from cocoon No 9 
2nd February, 1934—Ichneumomd (not identified) 
emerged from cocoon No 10 

In this brood an Ichneumomd larva (cocoon 1) fed within 
its host foi two months before spinning its cocoon Two 
Ichneumonids (cocoons Nos 9 and 10) emerged six to seven 
months, at least, aftei spinning their cocoons, and eight to 
nine months after the host larva had spun 

3 Taciiinidae 

In the numerous bloods of Perga larvae held m captivity, the 
commonest parasite proved to be the Tachimd fly Of the broods 
collected, some have failed to spin, others spun weak cocoons 
and died Of 20 noimal or apparently healthy broods of larvae, 
Taclumds were present in fourteen Some emerged normally, 
others weie found m cocoons lemoved from the coil Tn these 
broods theie was no external indication of paiasulsm (with the 
exception of one case—Brood 16—where eggs were found adhei- 
mg to the skm of the fully-giown larvae) Examination of host 
cocoons, noting exuviae, &c,, shows the Tachimd fly to he a 
primary paiasile 

The eaily laival stages of the parasite have not been studied, 
mu has the association of the paiasite to the host regarding 
attachment foi lespiratory purposes The stages found have been 
well advanced, corresponding to those represented in Figs 7 
and 8 A prepupa has been found to support, internally, five 
Tachimd larvae, though the usual number appears to be one or 
two On opening cocoons, the host prepupa may appear perfect, 
but in time the body of the prepupa becomes irregular, and 
appears shrivelled except where one of more parasite larvae are 
piesent Later they leave the host and pupate within the host 
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cocoon (Plate IV, Fig 8) It is noticeable that wheie compute 
puparia have been found, lying fieely within the cocoon, with 
the shiivelled remains of the prepupa pushed to one side, the 
sieve-like partition at the top mvanably shows an apeituie m 
break This paitition, however, always appears complete* when 
the parasite is withm the body of the, piepupa Apparently the 
partition is cut by the Tachimcl laiva, ptevious to pupating, to 
facilitate emergence of the fly 

There is seldom any indication of the existence of these para¬ 
sites when the laivae are cohectcd, no doubt due to an eedysis 
having taken place after the Tachmid eggs wcic laid on the body 
of the host In some broods, however, wheie parasitism oicuned 
it was noticed that the host cocoons weie spun irregulaily, 1 e 
more or less horizontally instead of vertically, and singly instead 
of m masses 

The length of time spent by the Taclnmd within the host is 
shown m the emergence data m Section B *— 

Brood 1—Tachimds emeigcd ten months after cocoon- 
spinning of the host, and again twelve months later 

Brood 2—Tachimds emerged six months after coeoon- 
spinnmg, and again twelve months later 

Brood 22—Tachimds emerged between nine and eleven 
months, after cocoon-spinnmg. 

Brood 4—Tachinids emeiged two months after cocoon- 
spinning, and again nine months later. 

Although all the larvae of these, four broods spun during 
the same month (OctobeO, the time spent by the parasites 
within their host cocoons varies widely in the different 
broods This might be accounted for by the fact that some 
broods were attacked m early larval life, while others re¬ 
mained free until more fully grown. 

In Broods 1 and 2 it appears that the Tachmid may be 
capable of “ lasting-over ” for a year, as was seen to he the 
case in the host From the emergences noted m Bt nod 4, one 
might surmise that the individual host larvae of that blood 
had been “struck” at varying mteivals dining then laival 
life. The individuals of this brood would, at the time of 
spinning, contain parasitic larvae of various ages, winch 
would account for the irregularities noted m the times of 
emergences of the parasites This might also be the case, 
m Brood 16, which spun m December and emeiged m 
February and March, and again m September The latter 
emergences occurred from cocoons which had pieviously 
been removed from the soil (Some of the laivae of this 
brood were noted to be carrying eggs of Tachimds ) 
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Brood 14—Of the thirteen cocoons found to contain 
Taclunid paiasites, nine contained one each, three contained 
two each, and one had thiee Of the nine hosts with a single 
parasite each, four of the latter were full-giown larvae, feed¬ 
ing witlun the host prepupa, the remaining five parasites, 
which were beginning to darken into the pupanal condition, 
were lying freely within then host cocoon, having apparently 
only recently worked their way out of the prepupa In those 
four host cocoons which each carried either two or three 
Tacbinids, the lattei had already metamorphosed into the 
pupal stage, the darkened puparia lying freely within the 
cocoons It was noticeable that where there was more than 
one Taclunid puparium in the cocoon, theie was a big 
difference m their sizes 

Brood 35 —Perga sp (Data not given in Section B ) 
Larvae collected at Kalorama, Victoria, by Miss H V 
Steele 

28th Apnl, 1933—Four larvae entered the soil 
19tli July, 1933—Cocoons dug up for examination 

Three cocoons were removed, and on being opened 
slightly were found to contain one Taclunid puparium each 
The cocoons were supported m phials plugged with cotton¬ 
wool, and were stood in a vessel containing saturated salt 
solution (about 75 per cent relative humidity') , these were 
then kept m an ordinary glass-house, and the following 
emergences occurred — 

14th August, 1933 —One Tachinid 
25th August, 1933—One Taclunid 
28th August, 1933 —One Taclunid 

The Tadumds emerged, in this brood, within four months 
from the time of cocoon-spinning of the host 

Brood 36 —Peuja sp (Data not given m Section B ) 

10th May, 1933—Laivae enteied the soil 

19th July, 1933—Cocoons removed for examination 

One cocoon was found which contained a large 
Tachinid larva within the prepupa 
31st July, 1933—Tachinid larva exposed by cutting the 
saw-fly prepupa 

5th August, 1933.—Taclunid still m larval stage 
8th August, 1933—Taclunid puparium formed 
11th Septemhei, 1933—Still m puparium condition 
26th September, 1933—Tachinid emerged 

The metamorphosis of the fully-giown Taclunid larva 
to adult stage, occupied no moie than seven weeks 
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Explanation of Plates IV. and V, 

Pi A11 IV 

(All photogiaphs on Plate IV are approximately natunil size ) 

Fig 1—Cocoon-spinning larva (above), and prepupa (below), of Pctga 
doisahs Leach (Biood 14) 

Fig 2—Mass of cocoons of Pciga sp , four of which have been cut open 
to show the living prepupae' and cocoon-spuming larva (pre¬ 
served m alcohol) of the same brood (Biood 33) 

Fig 3—Living prepupa and pupa of Perga sp (Brood 44) 

Fig 4—Cocoons of Pciga donahs Leach, opened to expose pupae 
(Brood 46) 

Fig 5—Cocoon of Pciga donahs Leach, cut open to show adult ready 
to emerge Note partition and larval exuvia at top of cocoon. 
Other exuviae not visible 
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Fig 6—Cocoons of Peuja sp (Brood 36) opened to show Ichneumomd 
primary paiasite right, Ichneumonicl cocoon in position, left, 
Iclmeimionicl larva lemoved fiom its cocoon 

Fig, 7—Matut e laiva of Tachimd fly exposed by cutting open slmveiled 
piepnpa of Pci (/a sp (Biood 36) 

Fig — Puparial shells of Tachimd fly, exposed by cutting open cocoon 

of Pei <ia sp 


Pi \ii V 

Pig y—Photonncrogiaph of mandibles of cocoon-spinning larva of Peiga 
nemoialls Wilson (Brood 24) X 15 

Fig 10—Photonncrogiaph of mandibles of piepnpa of Pei qa nemoiah? 
Wilson (Biood 24) X 15 

Fig 11—Photomicrograph of portion of exuvia of matme larva of 
7 ngonahs maculatus Sm, showing tri-dentatc mandibles X 29 

Fig 12—Photomicrograph of sickle-like mandibles of early instars of 
7 ngonahs wacidtaus Sm larvae, teased out from meconium of a 
mature laiva of same X 29 
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[Proc Roy Soc Victoria, 47 (NS), Pt I, 1934 J 

Art. V —An Investigation into the Influence of Sulphate of 
Ammonia on Stubble-sown Oat Crops m Victoria 

By D. C. WANK, B Agi Sc 

(Communicated by G W Leepei, M Sc ) 

Introduction. 

[Read 10th May, 1934, issued separately, 22nd December, 1934 ] 

A series of experiments at the Waite Institute, South Aus¬ 
tralia (5, 6), has shown that cereal crops when grown on land 
which has carried a ciop the previous year respond to the 
application of nitrogenous fertilizers It was with the object of 
deteimining whether a similar response occurs in the legion of 
higher lamfall (20 inches or more per annum) m Victoria that 
this investigation was initiated Oaten hay, being the cereal 
crop most sown on stubble in Victoria, was chosen for the 
expeiiment Although Iiowell(3), thirty years ago, descnbcd 
experiments m which the application of 1 cwt of sulphate of 
ammonia per acre increased the yields of hay crops by as much 
as 0 5 to 0 8 ton per acre, comparatively little attention has 
since been given to this matter 

Two senes of field trials were conducted, one at Bannockburn, 
one at Buangor. 

The Bannockburn plots were on the property of Mi F G 
Mason, 4 miles from Bannockburn, which is 13 miles from 
Geelong on the railway line to Ballarat 

The plots were sown on a level area of umfoim soil which 
has been derived from later Teitiary sediments and has under¬ 
gone considerable leaching The suifaee soil is a fine-textured 
sandy loam, light brown m colour and slightly acid Below 
8-9 inches theie is a yellow clay subsoil which becomes lighter m 
colour with increase m depth 

The Buangor plots were on the property of Pickfoid Bros., 
about 1 mile from Buangor, which is 14 miles west of Beaufoii 
The plots were sown on a level piece of ground, but the soil is 
very variable, four different types of surface soil being present 
These occur m patches of 1 square yard or less, and differ from 
each other in colour and in the amount of gravel they contain 
This gravel, locally known as buckshot, consists mamly of iron 
oxide All the types are slightly acid loams or clay loams, 
grey or brown m colour. The types of subsoil contain more 
clay and silt than the types of surface soil immediately above 
them The buckshot gravel is irregularly disti ibuted m depth. 
This variability of soil is typical of a large area in this 
part of the Western District of Victoria This soil is derived 
from Ordovician marine sediments Red box ( Eucalyptus 
polyanthemos) and red stringybark (Eucalyptus macrorrhyncha) 
are the chief native trees 
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The mechanical analyses of the vanous types of soil aic shown 
m Table I 

At Bannockburn the total 1 am fall claims; the year was 19^ 
inches, of which 12 inches fell dm mg the growing period of 
the ciop (May-November) At Buangoi the total lamfafl was 
23 inches, of which 14S inches fell duiing the growing period of 
the crop The monthly rainfall at both places and the number 
of da\s on which one oi mote points weie recoidecl aie shown 
m Table II 


Tyull I—-Mechanic \l Analyses of the Soils at 
Bannockburn and Bu\ngor 


Site 

Bannockburn. 

Buangor 

Soil type 


* 

Grey loam 

Grey rubbly 
loam 

Light brown 
clay loam 

Dark--brown 
clay loam 

Depth, inches 

0-8 

8-11 

28-32 

0-5 1 

18-24 

0-8 

21-24 

o-n 

11-20 

0-8 

8-12 

Coarse sand 

% 

24 9 

O' 
i o 

1 18 7 

% 

10 8 

% 

10 8 

% 

7 3 

% 

21 5 

% 

13 7 

% 

, 4*9 

% 

11 G 

% 

G r > 

lz 

Fine sand 

31 5 

20 2 

20 g! 

| 31 1 

22 5 

3G I 

20"G 

21 4 

17 7 

31 4 

12 6 

Silt 

23 4 

8 0 

9 5 

21 7 

44*0 

23 3 

36 G 

22 6 

12*6 

16*8 

26 3 

Clay 

13*1 

31 7 

41 G 

14 8 

14 6 

14 3 

19 7 

40 4 

48 6 

41 6 

47 2 

Loss on peroUde 4 
acid treatment 

5 0 

7 0 

7 7 

5 G 

1 8 

3 5 

2 3 

4 7 

0 1 

2 O' 

3 1 

Moisture 

2 6 

6 5 

4*6 

2 6 

11 2 

2*4 

7*2 

7*7 

9 8 

4*0 

9 3 

Gravel (In air-dry 
sample) per cent 

2 8 

5 5 

2 0 

5*7 

10 3 

31 5 

20*6 

4*9 

26 3 

4 2 

0*2 

Total nitrogen, per 
cent 

0*07 

• 


0*11 


0 13 


0 11 

.. 

0 09 

.. 

Soil reaction pH 

5 5 

6*3 

7 2 

6 1 

6*8 

6 4 

6 8 

G 0 

6 6 

6 7 

5*2 


Turk II—The Monthly Rainfall and the Number of 
Rainy Days in 1933 at Bannockburn and at Buangou. 


Bannockburn Buangoi 


! 

1 

Rainfall 

Number of 

lialnfall 

Number of 

_I 

(Points) 

Rainy Days 

(Points) 

Rainy Days 

January 

34 

3 

57 

5 

Fobruai y 

30 

3 

, 

. 

March 

53 

3 

137 

4 

Api l1 

129 

5 

105 

5 

May 

202 

9 

224 

10 

Juno 

124 

3 

114 

8 

July 

170 

8 

206 

10 

August 

171 

12 

240 

16 

September , 1 

128 

4 

281 

12 

October 

70 

4 

129 

6 

November 

288 

3 

267 

4 

Do comber 

491 

7 

540 

10 

Total 

1,950 

69 

2,299 

90 
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Experimental Procedure. 

(a) General —At each site the unit plot was l/20th acre m 
area Each plot received a basal diessmg of l\ cwt of supei- 
phosphate pei acie, and the oats weie sown at the late of 
2 bushels per acre The treatments included were — 

1 No nittogen 

2 Sulphate of Ammonia, £ cwt per acre 

3 Sulphate of Ammonia, T] cwt per acre 

Commercial fertilizei mixtuies were used to supply these 
dressings, and were drilled m with the seed Each treatment 
was replicated four times, and the plots were at ranged m the 
form of a “randomized block " (1) At harvest the hav obtained 
from each plot was weighed separately, and the yields of each 
treatment expressed as cwt per acre The gram yields were 
estimated fiom selected samples of the crop, (See section c ) 
In addition, the featuies b, c } and d were studied by the methods 
described 

( b ) Changes in the Nitrate and the Ammonia Content of the 
Soil —The soil from each plot was sampled to a depth of 9 niches, 
at monthly intervals, throughout the growing peuocl of the crop 
A £-mch soil tube was used and nine cores were removed at 
distances of 9 yards apart along the midlme of each plot These 
were mixed to form the sample, A larger tube, \\ inches m 
diameter, was sometimes used, but the sampling method was 
otherwise the same Moisture, ammonia, and nitrate were deter¬ 
mined on each sample The moisture contents were determined 
by drying the material m an oven at 105 deg C foi 24 horns 
The loss of weight is expressed as a peicentage of the weight 
of the oven-dry soil Nitrate was detei mined by Harper’s 
phenoldisulphonic acid method(2), and ammonia by the method 
described in Appendix 1 It may he noted here that the amounts 
of nitrogen added to the top 9 inches of soil m the chessmgs 
of | and 1| cwt sulphate of ammonia were and 13 paits per 
million of soil respectively 

(c) Census Study of Growth and Yield of the Crop .—A census 
study was included, so that the effect of the different quantities 
of sulphate of ammonia on the growth of the individual 
plants could be observed The plants on fifteen one-foot lengths 
of drill-row on each plot were counted, and their development 
studied at intervals throughout the growing period 

Three weeks aftei germination the plants on each selected 
length of drill row were counted, and the aveiage number of 
plants per foot was calculated, m the case of each plot, and each 
treatment In October, the average number of plants per fool 
was again determined, together with the average number of 
tillers per plant At harvest time the number of plants per foot, 
the, number of ears per plant, and the number of spikelets and 
grains per ear were determined, together with the average weight 
of 1,000 grams and the bushel weight of the grain 
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The gram from these samples and from fifteen other one-foot 
length of drill row on each plot was thrashed out and weighed, 
and the weights were used to estimate the yields of gram from 
each plot 

(d) Nitrogen Content oj the Crop -—The nitrogen content of 
the crop on each plot was determined on the material collected 
m Octobei for the tillenng count The plants on fifteen one-foot 
lengths of dull row on each plot were hand-pulled and the loots 
were latei removed The above-ground material was analyzed 
by the Kjeldahl method The nitrogen content of the gram and 
of the straw at harvest were determined on the material from 
fifteen one-foot lengths of drill row fiom each plot The amount 
of nitrogen removed from the soil was then calculated 

Details of Results. 

Bannockburn 

(a) General —The plots were sown on 5th May, 1933, the unit 
plot being a 14-iow dull strip 88 yaids long and l/20th acre m 
aiea (The heaviest diessmg contained only 152 lb each of 
superphosphate and sulphate of ammonia, instead of the desired 
168 lb of each ) 

The plots w r ere harvested on 24th November The final hay 
yields and the estimated gram yields are given m Table III 
The gram yields were estimated from the material of 30 1-foot 
lengths of drill row on each plot 


Tablf III — Final Yields at Bannockburn. 


Ti eat men! 

Ilay Yields 
(U\\ t pci 
Aeie) 

Tnc remont 
Due to 
Nitiogm 
(Cwt per 
\ere) 

Estimated 
Grain Yield 
(Bushels 
pci Aeie) 

Im lenient 
Due to 
Nitrogen 
(Bushels 
per Acre) 

No nitrogen . 

Bulphato of ammonia, j swl 

17 9 


21 4 

• 

par aero 

Hulpliato of ammonia, 1J nyt. 

31 8 

13 9 

36 8 

U 4 

par aero . 

38 3 

20-4 

41*8 

20 4 


The differences m the hay yields are significant' 5 ', the standard 
error of the mean being 0 84 cwt per acre The gram yield on 
the | cwt per acre treatment is significantly higher than that on 
the no-mtrogen treatment, the standard erroi of the mean being 
2 14 bushels per acre 

* A “ significant ” difference is one that might he obtained by chance not more than 
once in twenty times The term is used throughout this Paper with this moaning 
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( b) Nitrate and Ammonia Content oj the Soil —Samples ol 
the soil were analyzed at monthly mteivals until 9th Octobei 
The results of the analysis are shown m 1 able IV , and ate 
illustrated m the foun of a giaph m Figuic 1 



Figure 1 

Graph showing changes in nitrate and ammonia uitiogen umLenl 
of the soil at Bannockburn during the growing period of 
the crop 1933 

1 Amount of nitrogen applied m i cwt sulphate of ammonia 

per acie 

2 Amount of nitrogen applied in li cwt sulphate of ammonia 

per acre 


Treatments 

01 No nitrogen 

02 Sulphate of ammonia ’—i cwt per acre, 
03 Sulphate of ammonia—li cwt per acre, 
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Table IV — Changes in the Moisture, Nitrate, ani> 
Ammonia Content of the Soil at Bannockburn 





Nitrate 

Ammonia 



Mol stui o 

Nitrogen 

Nitiogen 

Date 

Treatment 

Content 

Content— 

Content— 



Ter Cent 

Barts per 

Parts per 




Million 

Million 

2 6 33 

Before seeding 

10 2 

4 3 


29 5 33 

No nitrogen 

Sulphate of ammonia, J- cwt 

13 2 

2 9 



per aero . 

Sulphate of ammonia, cwt 

11 3 

3 7 



per acre . 

10 0 

3 4 


26 6 33 

No nitrogen 

Sulphate of ammonia, } owt 

15 2 

3 0 

4 5 


per aero . 

Sulphate of ammonia, 1| owt 

15 7 

5 0 

7 8 


per acre 

15 5 

6 2 

n s* 

24 7 33 

No nitrogen 

Sulphate of ammonia, f cwt 

12 6 

1 8 

1 2 


per acre . 

Sulphate of ammonia, 1J cwt 

13 2 

2 8 

3 8 


pci acre 

13 6 

4 8 

8 6* 

21 8 33 

No nitrogen 

Sulphato of ammonia, cwt 

13 4 

1 4 

4 4 


per acre 

Sulphate of ammonia, 1^ cwt 

34 1 

2 0 

6 3 


per acre 

14 4 

1 7 

12 1 * 

18 9 33 

No nitrogen 

Sulphato of ammonia, -J cwt 

11 7 

1 8 

4 6 


pei acre . 

Sulphato of ammonia, H cwt 

10 8 

1 2 

6 7 


per acre 

0 0 

l 9 

77 3* 

9 10 S3 

No nitrogen 

Sulphato of ammonia, J cwt 

10 5 

1 9 

r> 0 


poi aero , 

Sulphate o£ ammonia, 1J cwt 

8*7 

2 0 

5*0 


per aero 

7 0 

1 5 

8 1 


All Ariiios In Halm are significantly different from the corresponding figures for the 
no-nitrogen. plots. 

* These figures axe also significantly different from those in the preceding row 

The chief points of interest are— 

(1) The disappearance of the ammonia, whether by absorption 
by the plants, by leaching, or by change to mil ate or to other 
nitrogen compounds m the soil, was slow Five months after the 
fertilizer was applied there was still appreciably more ammonia 
nitrogen m the soil of the H cwt per acre plots than m that of 
the no-nitrogen plots This can be explained by assuming either 
that the addition of ammonium sulphate had a stimulating effect 
on the organisms which foim ammonia m the soil, or that the 
nitrification (ie, change to nitrate) was unusually slow m this 
soil. However, all the added ammonia on the } cwt per acre plots 
had disappeared during the first five months after application 
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(2) In June and July there was a significantly highei content 
of nitiate nitrogen in the soil of the sulphate of ammonia plots 
The nitiate content was then appieoiably highei on the H cwt 
pei acie plots than on the i cwt pci acie plots This was in 
accoiclance with genetal expedience, as was the low value foi 
the nitrate content of the sod in September and October. 

It must he noted that the soil was sampled between the dull 
rows, so that the samples did not exactly tepreseiU the soil on 
which the p’ants were growing 

( c ) Census Study oj Growth and Yield oj Crop —The lesults 
of the census study are summarized in Table V 


Table V—Rfsults of the Census Study vt Bannockburn 


No 

Nitiogen 


Sulpha! < ot 
Ammonia, 

f Cw! JH'L 

At it* 


Sulpha! o of 
Ammonia, 

1 \ (Wvt pm 
Auo 


(1) Papula how 


Mean number grams sown pei foot, 5th May, 
1933 

Germination—Mean number plants per foot, 
19th June, 1933 

Mean number plants pci foot, 9th October, 
1933 

Mean number plants per foot at harvest, 
24th November, 1933 
Percentage survival of plants to harvest 


16 2 

12 7 

13 2 

II 7 
89 0 


16 2 

U 3 

12 3 

II I 
90 0 


10 2 

10 3 

10 0 

8 b 
70 0 


(2) Tilleiwff 


Average number of tillers per plant, 0th 
October, 1933 3 5 

■^Estimated gieen weight of the crop (ewfc 
per aero), 9tli October, 1933 37'*-1 

Average number of tillers per foot, 9th 
October, 1933 , 45 3 


3 2 6 2 * 

67 (t 82 7* 


03 4 




(3) Enin and 0 tains 

Average number of eat8 per plant 
Average number of ems per foot 
Percentage of tilleis formed wlueh pioduoo 
ears 

Average number of spikelets per eat 
Average number of grains pei spikelet 
Average number of grains per cat 
Average number of sterile grams per ear , 
Average weight of 1 000 grams (grams) 
Bushel weight of the grain, lb per bushel 
Estimated giain yield, bushels per acre 


3 2 
14 2 

31 4 
7 l 
1 82 
12 8 
0 46 
28 3 
36 7 
21 4 


L 6 

2 0 

17 3 

I7T 

27 1 

25 3 

0 8 

10 6** 

1 89 

1 00 

18 (i 

20 >0* 

0 67 

O'58 

29 5 

29 2 

37 7 

38 2 

36 8 

41 8 


All figures in italics aie significantly different from the corresponding figutes lor the 
no nitrogen plots 

* These figures are also significantly different from those in the preceding column 

t This figure indicates the amount of silage that could have been obtained from t lie 
crop, The estimated air-dry weights at this stage are given in Table VT1 
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The chief punts of interest aie as follows — 

( 1) Theie was a depiession of germination on the sulphate of 
ammonia plots, the effect being more marked on the 1-J cwt per 
acre plots Gemination was latei on the sulphate of ammonia 
p'ots than on the no-nitlogen plots 

(2) Theie was an mcieased formation of tillers on the sulphate 
of ammonia plots, and this more than compensated foi the 
depiession of gemmation However, there was a lower percen¬ 
tage sui vival of tillers to harvest on the sulphate of ammonia 
plots This was a direct lesult of the laige number of tillers 
formed, and the competition between them 

(5) There was an increase, both in the number of ears pio- 
duced pet plant and m the size of the eais, on the sulphate of 
ammonia phits Neveitheless, theie were no more ears produced 
per foot of drill iow on the 14 cwt per acie plots than on the 
} cwt pei acre plots 

(4) The mam reason for the higher yield of giam on the 
sulphate of ammonia plots than on the no-nitrogen plots was the 
largei number of giains pei ear Theie weic also moie eais per 
plant and per foot of drill row ( see 3) 

( 5) There was no appieciable difference m the average size of 
the individual giams from the various tieatments, but the bushel 
weight was slightly greater m the case of the gram from the 
sulphate of ammonia plots 

(6) '1 he ci op on the lio-mttogen plots showed maiked yellowing 
m July and August, but the stdphale of ammonia plots were a 
healthy bright gieen m colour Although the nomtiogen plots 
shenved supenoi giowth in May and June, the sulphate of 
ammonia plots showed supenor growth m the next four months 
The plots that had received if cwff and T} cw r t per acre weie 
lespectively 3 inches and 6 inches taller than the no-nitrogen plot'* 
m Octobei The crop w^as also much denser on the sulphate of 
ammonia plots than on the no-nitrogen plots At harvest, 
however theie was little diffeience m height between the ciops on 
the various plots 

( d) Nttnxjcn Content of the Crop —The mtiogen content of 
the ci op m ()ctoher, and that ot the gtain and stiaw at harvest, are 
shown in Table VI 


T\blk VI— Nitroc.en Content \s Percentage oe \ir-i>ry 
Materixl, in October \nd ai Harvest 


Treatment 

1*01(011 to |?P of 
Nitiogon In 
Ciop on 

Sltli Otinlior 

um 

Peiccmtage of Nitrogen at 
Harvest 

In Grain 1 

In Straw 

No mtiogen 

1 07 

1 46 

0 37 

Sulphate ol ammonia, | fnt per acre 

1 06 

1 46 

0 37 

Sulphate ol ammonia, 1J cwt per atrt 

1 07 

] 47 

0 39 


The added nitrogen had no effect on the percentage of nitrogen 
m the ci op Richaidson and Fricke(6) have also shown that 
dressings of sulphate of ammonia applied at the tales of less than 
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1 cwt per acre did not appreciably increase the nitrogen pet callage 
of the giam or of the straw of barley Larger diessings caused 
a marked increase m the nitrogen percentage of both the gram 
and the straw 

The total amounts of mtiogen lemoved by the ciop pet acie 
undei each treatment was then calculated The lesults, as well 
as the quantity of nitrogen applied to the soil per acre under each 
treatment, are shown m Table VII 


Table VII— Total Nitrogen Removed by the Various Crops 



a 

October 

Harvest Material. 




ai 

5 ft 

*Pi« 

Hateiial 

Giam 

St law 


Treatment 

< 

pi SJ 

l! 

Afa 

■e 

■apt 

l i* 

Sg* 

jl* 


oj S: a) 

It* 

ft * 
bo ft 

Po 

a’g’- 

sl^ 

Vt <U£i 

S* 

3s 

O 6J . 

No nitrogen 


2,036 

21 8 

856 

12 60 

1,144 

4 23 

1() 

Sulphate of ammonia, 






2,088 

7 73 

29 

J cwt per acre 

17 8 

3,831 

36 1 

1,472 

21 49 

Sulphate of ammonia, 






2,608 

10 17 

34 

1J cwt per acre 

35 6 

4,462 

41 6 

1,672 

24 58 


It will be noticed that the total nitrogen content in the above¬ 
ground portions of the crop was gi eater m October than at 
harvest Knowles and Watkins (4) have shown that theie is a 
migration of the various plant nutrients from the above-giound 
portions of the wheat plant during the later stages of the life 
histoiy 

Buangor 

(a) General —The plots were vsown on 9th May, 1933 The 
unit plot was a 15-row drill strip 83 yauls long, the area being 
l/20th acre The outside row on each side was removed 
immediately before the plots weie haivestcd The -area at 
harvest was l/25th acre. 

The final hay yields and the estimated giam yields ate shown 
m Table VIII The gram yields were estimated from thixty 
1-foot lengths of drill row from each plot 


Table VJII— Final Yields at Buangor 


Treatment 

Hay Yields 
(Cwt per 
Acre) 

Increment 
Due to 
Nitrogen 
(Cwt per 
Acre) 

Estimated 
Grain Yield 
(Bushels 
pel Acre) 

Increment 
Duo to 
NRrogen 
f Bushels 
per Acre) 

No nitrogen . 

27 8 


35*9 


Sulphate of ammonia, J owt 





per acre ,. 

43 9 

16 1 

46 2 

10 3 

Sulphate of ammonia, 1£ cwt 





per acre 

67 4 

29 6 

59 5 

23 6 
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All the above differences are significant, the standard enor of 
the mean being 1 6 cwt per acie m the case of the hay yields, 
and 2 7 bushels per acie in the case of the giam yields 

(h) Nitrate and Ammonia Content of the Soil —Samples of 
the soil were analyzed at monthly mteivals until 3id October 
The lesults are shown m Table IX, and aie lllustiated m the 
form of a graph in Fig, 2 



Fiourl 2 

Graph showing changes m nitiatc and ammonia nitrogen 
content of the soil at Buangot dm mg the growing 
period of the crop 1933, 

1 Amount of nitrogen applied in $ cwt sulphate of 

ammonia per acre 

2 Amount of nitrogen applied in 1 \ cwt sulphate of 

ammonia per acre 

T reatments 

01, No nitrogen 

02, Sulphate of ammonia—$ cwt pei acre 
03 Sulphate of ammonia—1} cwt per acre 
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Table IX— Changes in the Moisture, Nitrate, and 
Ammonia Content of tiif Soil at Buangor 





\ 


Nltinto 

Ammonia 




■ 

Moisture 

Nitrogen 

Nil logon 

Date 

Treat monf 


Omik nt 

Pontont- 

(’mill nt- 





Per Pent 

Purln pci 

huis pci 






Million 

Million 

9 5 33 

Before seeding 

10 7 

3 4 


13 fa 33 

No nitrogen 
Sulphate of 

ammonia, l 

cwt 

22 5 

2 4 



per aero 
Snlphato of 

ammonia, 1$ 

cwt 

22 .7 

2 (> 

■ 



per aero 



22 n 

2 4 


II 7 33 

No nitrogen 
Sulphate of 

ammonia, ] 

cwt 

21 3 

3 4 

0 2 


pu acie 
Sulphate of 

ammonia, 

cwt 

21 8 

4 0 

' 

7 2 


p^r aero 



| 22 fi 

6 2* 

IS (1* 

8 8 33 

No nitrogen 
Sulphate of 

ammonia, ’] 

! 

cwt 

22 4 

3 4 

9 8 


per acre 



20 6 

3 0 

12*3 


Sulphate of 

ammonia, 14 cwt 





per acre 



20 0 

3 3 

J9 0* 

12 9 33 

No nitrogen 
Sulphate of 

ammonia, [ 

cwt 

22 0 

3 0 

13 2 


per acre 



22 0 

1 3 

13 9 


Sulphate of 

ammonia, 1^ cwt i 





per acre 



22 0 

1 1 

18 0 

3 10 33 

No nitrogen 
Sulphate of 

ammonia, J 

cwt 

! 19 8 

1 2 

8 4 


per acre 
Sulphate of 

ammonia, 3 1 

cwt 

I 21 7 

1 4 

8 2 


per aero , 


21 1 

1*4 

14 9 


All figures In italic aro nlgni fleautly different horn t-ho corresponding figures for the 
no-nitrogen plot 

* This figure is also significantly different from that in the preceding row. 


The chief points of interest are — 

(1) As was the case at Bannockburn, the plots that had 
received 1^ cwt of sulphate of ammonia per acie still showed 
an appreciably higher ammonia content than the no-nitrogen 
plots five months after the application. It was expected that all 
would have been absorbed by the plants, changed to other nitrogen 
compounds, or been leached from the surface soil by this time 
The excess ammonia m the plots that had received \ cwt of 
sulphate of ammonia per acre had, howevei, all disappeared 
during the first five months 
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(2) The sulphate of ammonia plots had, m July and August, 
more nitrate nitrogen than the no-mtrogen plots The nitrate 
content of the soil was then highest on the 1^ cwt per acre plots 

The results of these soil analyses aie not as reliable as those 
of the Bannockburn soil The errors of sampling are laige 
because the soil is variable 

The samples were taken from between the dull lows, and so 
do not accurately represent the, soil on which the plants were 
growing 

(c) Census Study of Growth and Yield of Crop —The results 
of the census study of the crop are summauzed m Table X 


Table X —Results of the Census Study at Buangor 


— 

No 

Nitrogen 

Sulphate of 
Ammonia, 
i Cwt pi r 
Acie 

Sulphate of 
Ammonia, 

11 t'wt poi 
Acre 

(1) Population 

Mean number grains sown per foot, 9th Mav, 




1933 

16 1 

16 1 

16 1 

Germination—Mean number plants pei font, 




30th June, 1033 

U 2 

11 7 

11 b 

Mean number plants per foot, 3rd October, 




1933 

11 6 

12 5 

11 6 

Mean number plants per foot at harvest, 




9th December, 1933 

10 6 

11 3 

11 2 

Percentage survival of plants to harvest 

92 6 

90 5 

97 0 

(2) Tillering 

Mean number tillers per plant, 3rd October, 




1933 

3 8 

o 2 

0 0 * 

1 Estimated green weight of crop (cwt. per 
acre), 3rd October, 1933 




44 3 

81 5 

101 4 

Mean number tillers per foot, 3rd Oetobei, 




1933 

41 4 

63 r> 

69 3 

(3) Paid and (hum* 




Mean number ears per plant 

1 3 

1 7 

1 8 

Moan number ears per foot 

14 0 

18 9 

20 0 

Percentage of tillers formed which produ eo eai s 

34 8 

29 8 

27 8 

Mean number spikelots per ear 

9*9 

10 4 

11 2 

Mean number grams per spikelet « 

1 91 

1 90 

1 88 

Mean number grams per ear 

18 9 

19 4 

21 2 

Mean number sterile grains per ear 

0 66 

0 61 

0 66 

Mean weight of 1,000 grams (grams) 

32 2 

31 7 

33 4 

Bushel weight (lb per bushel) 

37 0 

39 0 

40 2 

Estimated gram > lold (bushels per acre) 

| 35 9 

46 2 

59 5 


All 11 sure a in italics are significantly different from the corresponding figures for 
the no-nitrogen plots 

* This figure is also significantly different from that in the preceding column 

I* This figure in hcates the amount of silage or green feed that could have been obtained 
The estimated air dry weights of the crop at tnis stage are shown in Table xil 
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1 he chief points of inletest are as follows — 

(1) 'Iheic was no depiession of germination on the sulphate 
of ammonia plots 

(2) Theie was an inn eased foiniation of lillci s on the sul¬ 
phate of ammonia plots 

(3) Theie was an inti ease m the number of ears produced 
per plant, as well as m the size of the cars on the sulphate of 
ammonia plots 

^4) The higher yield on the sulphate of ammonia plots than 
on the no~mtrogen plots was mainly due to an mciease m the 
number of eais per foot of drill row There was also an increase 
m the size of the eai 

(5) There was no appieciable diffcience m the size of the 
individual grains from the various treatments The bushel 
weight was slightly higher in the ease of the giam on the sul¬ 
phate of ammonia plots 

(6) In July and August yellowing was wiclespieach—particu¬ 
larly on the no-nitrogen plots It was particularly noticeable on 
the light-brown patches of soil, In August and September the 
crop on the sulphate of ammonia plots was definitely taller than 
that on the no-mtrogen plots This difference m height increased 
until at harvest the plants on the l\ cwt plots were at least 
9 inches taller than those on the lio-nitrogen plots Those on 
f cwt plots weie intermediate m height 

( d ) Nitrogen Content of the Crop —The nitiogen content of 
the crop m October, and of the gram and stiaw at harvest, is 
shown m Table XI 


Tabu- XI—Nn rogfn Content as Pfrcrntmie of Air-dry 
M vterial, in October \nd at Harvest. 


Treatment 

Percentage of 
Nitrogen in 
Crop on 
f)lh October, 
j 11)33 

Percentage of Nitrogen at 
Harvest 

In Grain, 1 In Stiaw 

No mtrog n 

1 05 

1 44. 

0 3f> 

Sulphate of ammonia, f cwt per acre 

1 Ofi 

3'44 

0 30 

Sulphate of ammonia, cwt per aero 

1 10 

1 4(3 

0 36 


In October there was no appreciable difference m the nitrogen 
percentage of the crops grown with the various tieatments At 
harvest there was no appreciable difference m the nitiogen per¬ 
centage of the gram or the straw 

The actual amounts of nitrogen removed by the crop, together 
with that applied in the fertilizer dressing, appear in Table XII. 
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Table XIJ — Total Nitrogen Removed by the Various Crops 



a 

October 

Harvest Material 




a 

Pk 

Material 

Gram 

Straw 

! 

1 ft) 

ft 

Treatment 

N 

bo ^3 
11 

ec 

Nitrogen 
Removed 
(lb pa) 

Is 

3 £ ca 

hD £ 

o 2 ft 

£ S 

Weight 
(lb pa) 

|s s, 
SSL 

ft gj CB 

3 0 

o o.,c 

No nitrogen 


1,965 i 

20 6 

1,436 

20 68 

1,796 

6 29 

27 0 

Sulphate of ammonia, 









f cwt. per acre 

17 8 

3,677 

38 9 

1,848 

26 61 

3,138 

11 30 

37 9 

Sulphate of ammonia, 









1 \ cwt per acre 

35 6 

4,034 

44 4 

2,380 

34 75 

4,161 

14 98 

49 7 


It will be noticed that the total nitrogen m the crop was greater 
at harvest than when the October material was collected This 
material was collected at an earlier stage of maturity than that at 
Bannockburn, and probably had not developed the maximum 
nitrogen content 

Comparison of Results from Bannockburn and 

Buangor. 

The final yields at Bannockburn and at Buangor given in 
Tables III and VIII respectively may be compared as follows .— 

A Final Yields 

Hay Yields —At each place the inclement m yield obtained 
with the first ^ cwt of sulphate of ammonia per acre was greater 
than that obtained with the second f cwt. per acre The yield 
on the no-nitrogen plots was greater at Buangor than at Bannock¬ 
burn, and the actual increments m yield due to sulphate of 
ammonia were greatei at Buangor At both places the yield was 
more than doubled by applying 1^ cwt per acre 

Grain Yields ,—At Buangor the first \ cwt of sulphate of 
ammonia increased the yield by 10 bushels per acre (=25 pei 
cent of the no-mtrogen yield) The second % cwt. increased the 
yield by an equal amount At Bannockburn the first 
| cwt, increased the yield by 15 bushels (=70 per cent 
of the no-nitrogen yield), the second £ cwt increased it onlv 
by 5 bushels. The gram yields were higher at Buangor than at 
Bannockburn 

If sulphate of ammonia is valued at 9s 9d per £ cwt applied 
(market price = £12 7s 6d, per ton for) oaten hay at 30s per 
ton, and oats at Is 6d per bushel, the profit or loss of applying 
each successive f cwt. per acre is shown in Table XIII 
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Table XIII— The Profit ( + ) or Loss (—) per acre of 
Arriving Increasing Dressings of Shlpuate of Ammonia 


Due to — 

Haimoddnun 

Hnangoi 

i Foi Hay 

Tor Grain 

Kui 1J ay | 

Km Uuun 

First 4 cwt pei acio 

.S fl 

+ ii e 

$ (L 
+ 13 0 

$ d 
+ 14 () 

s (1 
+ 5 0 

Second 1 civt per acie 

+ 1 0 

-20 

+ n (5 

+ 8 0 

Total It cwt pci ac*ie 

+ 12 6 

+ 11 0 

+ 35 C> 

+ 13 0 


With these assumed puces, \\ cwt per acre with a suitable 
dressing of supei phosphate, is piofilable at both places when oats 
are grown for hay 

If oaten hay ueie valued at 20s per ton the profits of applying 
successive | cwt clicssmgs at Bannockburn would have liecn 
-f- 4s, 6d and — 3s , and at Buangor they would have been 

6s 6d and + 4s , so that { cwt per acre would he the more 
pi ofilable quantity to apply at Bannockburn 

At Bannockburn, J cwt per aue is ihe moie profitable amount 
to apply if the oats are groun for gram At Buangoi II cwt 
pei acre is the more profitable amount 

B Nitrvte and Ammonia Content of the Soil 

At ])olh places there was, fiom the lime of application onwards, 
a steady decline m the amount of ammonia that the sulphate of 
ammonia plots contained m excess of the no-nitiogcn plots. 
There was a definite seasonal change in the ammonia content of 
the soil, and the graph representing this was of the same form 
at each place, although the ammonia content of the soil was 
somewhat higher at Buangor than at Bannockburn Jt is usual 
foi the lutiate content of the soil cariymg a toteal ciop to he 
very low m September and Octobei 

At both places there was a steady chop m the mtiate content 
of the soil m the no-nitrogen plots from seeding to October The 
nitrate content of the soil was lower at Buangor than at Bannock¬ 
burn On the sulphate of ammonia plots there was an inctease 
in the nitrate content of the soil from the end of June to the 
beginning of August This was largest on the cwt plots. 
The increases m nitrate content on the sulphate of ammonia 
plots was almost equal at each place 
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C Census Studies of Growih and Yield or Crop 

(1) Population —At both places the number of grains sown 
pei fool of drill iow was slightly ovei 16 

The germination on the no-nitrogen plots was highei at Ban¬ 
nockburn than at Buangoi At Bannockburn, the sulphate of 
ammonia delayed germination, and caused a definite depiession 
of germination This was probably due to the osmotic powei of 
the concentrated solution formed m the soil, which had an 
injurious action on the seeds It did not occur at Buangor, 
where the soil is heavier 

In October, there weie m many cases actually more plants 
per foot of drill row than in June This was because grains which 
had failed to germinate m the dry soil did so after the heavy 
rams m ]une (108 points fell at Bannockburn between 22nd 
June and 28th June, at Buangor light rains towards the end of 
June were followed by 45 points on 10th July) 

At both places there was a slightly lowei peicentage suivival 
of plants till haivest on the no-mtiogen plots than on the sulphate 
of ammonia plots At Bannockburn, howevei, the no-nitrogen 
plots still contained the most plants per foot of dull iow 

(2) Tillering —At each place most tillers weie formed pei 
plant and per foot of dull row on the sulphate of ammonia plot** 
that had received cwt pei acre, and least were formed on the 
no-mtrogen plots 

(3) Ears and Grains —At Buangor the applied nitrogen 
caused an increase m the number of ears produced per plant, and 
m the number of spikelets and grains per ear The number of 
ears per foot of drill row was also increased There was little 
difference m the size of the individual grains, but the bushel 
weight was slightly higher on the sulphate of ammonia plots 

Similar lesults weie obtained at Bannockburn, except that 
theie was no difference between the number of ears formed per 
foot of drill row on the f cwt pei acre and on the 11 cwt per 
acre plots 

The higher yields at Buangor than at Bannockburn weie due 
more to largei cats and larger grams than to an increase m the 
number of eais 

D Nitrogen Content of the Crop 

October Material —The results obtained at the two places are 
not comparable as the matenal from Bannockburn was at a later 
stage of maturity than that from Buangor At neithei place was 
there any appieciable difference m the mtiogen percentage of 
the crops due to the various treatments 
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Harvest Material —Neither the gram nor the straw showed 
any appieciable diffeience in nitrogen percentage due to the 
vanous tieatments At neithei place was the mtiogen applied in 
the fertilizer completely recovered m the crop, Tiowevei, about 
two-thuds was recovered m the, crop; the amount of the heavier 
diessmg lecovered being higher at Buangor than at Bannock- 
bui n 


Summary. 

The effect of ammonium sulphate on the growth and yield of 
stubble-sown oaten hay crops has been studied on field plots at 
Bannockburn and Buangor, where the rainfall for 1933 was 19 5 
and 23 inches respectively At each site the field plots were 
ananged m the form of a randomized block. 

The final yields of hay and of gram ivere maikedly increased 
by an application of sulphate of ammonia at seeding At both 
sites a dressing of f cwt per acre gave an mciease m the hay 
yield and m the gram yield, which would be economic at current 
puces The increase given by a second f cwt per acre was like¬ 
wise economic for hay at both places, and for grain at Buangor 

Although the ammonia content of the soil is not generally 
thought to have any relationship with the crop yield, it was found 
that marked variations occurred m the ammonia content of the 
soil throughout the giowmg period of the crop The amount of 
ammonia that the sulphate of ammonia plots contained m excess 
of the no-nitrogen plots became gradually less in amount as the 
season advanced The change was slow, requiting moie than 
five months for completion on the 1% cwt. per acre plots The 
mtiaie content of the soil mcieased from June to August on the 
sulphate of ammonia plots, 

Census studies showed an increase in the tillering of the plants, 
an increase in the number of ears produced and in the size of the 
ears, on the sulphate of ammonia plots There was also a slight 
increase m the bushel weight of the gram At Bannockburn, but 
not at Buangor, there was a depression of germination on the 
sulphate of ammonia plots 

The nitrogen percentage of the crops in October showed no 
differences between the different treatments, nor was there any 
difference m the nitrogen content of the giain or straw at harvest. 

The total nitrogen removed by the crop on the sulphate of 
ammonia plots was in all cases more than that removed by the 
crop on the corresponding no-nitrogen plots, but the difference m 
nitrogen removed by the crop was less than two-thirds the 
difference m the amounts of nitrogen applied m the corresponding 
fertilizer dressings 
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Appfndix 

Method Used to Dctcnnmc the *lnunoma Content of the Soil 

Twenty-fne giams of soil are leached with 250 cc of N/10 hychochloiic 
acid The soil is shaken with 100 c c of the acid, and is washed on to a 
filter paper in a Buchnci funnel, The acid is slowly drawn tluough the 
‘■oil on the filter papet When just sufficient acid to wet the soil remains m 
the funnel, a fuithcr 25 cc. arc added This is repeated until the whole 
250 cc of acid have been drawn through the soil 

The washings aie distilled with magnesium oxide into a measuied amount 
of N/50 HC1, and the titration is completed with N/50 NaOH 
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Introduction. 

A disease of cauliflowers is very prevalent m Victona, not 
only affecting the leaves, but also damaging the inflorescences, 
especially if heavy rams occur during the season Affected 
plants greatly deteriorate in market value The disease was 
brought under the writer’s notice by Mr D Adam, Government 
Pathologist, Department of Agriculture, Victona, m February, 
1933 From communication with Mr Adam the writci learns 
that a fungus resembling the Victorian pathogen has been 
isolated from Brassica leaves m England, and is considered to 
be a Glocosporntm There exists no published account of this 
isolation 

The following account has been undertaken with the view of 
establishing the identity of the fungus isolated m Victoria, and 
of placing on record a detailed survey of the behaviour of the 
pathogen as it occurs on the host and m puie cttlluic, 
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Symptoms. 

The fungus occurs on the thick fleshy midribs, laminae, and 
petioles of cauliflower leaves, on both upper and lower surfaces 
(Plate VI , Fig 1) The most characteristic featuie is the pie- 
sence of minute, roughly circular, greyish-white patches on both 
surfaces of the leaf These are arranged m a more or less con¬ 
centric pattern, each individual patch is the result of the fungus 
sponng beneath the cuticle of the host 

The formation of spores creates an internal pressure, which 
eventually ruptures the overlying cuticle The spores then 
escape, and collect on the surface of the leaf m clusters, the 
latter are very white and fluffy, suggesting extremely minute 
fragments of cotton wool (Plate VI , Fig, 2) On the midribs 
and petioles these snow-white clusters of spores are not so easily 
seen, owing to the lack of contrasting green colour However, 
brown to almost black scarred areas develop abundantly, usually 
after the spores have ruptured the cuticle The scars are narrow, 
elongated in the dnection of the course of the midiib, varying 
m length fiom less than 1 cm to more than 2 cm , more or less 
raised at the margin, and slightly sunken towards the centie 

Small patches of brown discolorations may extend on to the 
laminae of the leaves, and are then found in the neighbourhood 
of the sponng areas On the midribs and petioles the scat's 
later become wrinkled or furrowed m appealance, owing to the 
formation of cork (Plate VI , Fig 1) 

Historical. 

The genus Cyhndro^ponuin was set up by Greville (9) in 1823, 
on the basis of Cyhndrosporntni concentric inn Grev , found on 
both surfaces of cabbage leaves (Brassica olcracca Linn) 
Greville stated, “The peculiarity of its cylmdiical spondia, and 
its situation on the suifaie of living leaves, fully entitle it to 
generic distinction ” 

Fn 18S0, Berkeley and Bioome (2) examined Grevdle’s original 
material, and found that the spoies were pioduced beneath the 
cuticle, and formed “ little heaps by oozing out as in other species 
of Glocosporntm” and hence placed the fungus m this genus 

It is clear, therefore, that C conccntncum Grev ** G comen- 
truum Beik and Br, Von Holniel (16) m 1916 abandoned the 
old genus Glocosponum as a mixture, and replaced it by four 
new geneia, Gloeosporma , Monostichella , Glocospondium, and 
Cyhndrosporella, of which the first two and the last had sub¬ 
cuticular acervuh, and in the third the acervuli lay deeper 
Gloeosporma possessed mtcro-comdia Nannfe 1 dt(24) m 1931 
showed that spore size was a very unreliaVe character, as 
acervuli may contain both macro- and microcomdia while others 
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may possess nncioconidia only, he siiggeslcd that Glocn.spnnna 
was founded m this way He also legarded the attempt to 
divide the genera by then position m the host as futile 

in 1927, Kaiakulm(21) discussed von HohncTs attempt to 
break up the genus Glocosponum , but he did not accept this sug¬ 
gestion in its entuety, owing to the lack of constancy m the 11101 - 
phological characters of the new genera Kaiakuhu regarded 
it as too eaily to abandon the old genus Glocospomuti , as it had 
widespread lecogmtion, and no entirely satisfactoiy subdivision 
had, as yet, been proposed 

Since Greville’s time, many species were place,cl, by Saecaido, 
under the genus Cylmdrospomim , and a gieat deal of confusion 
resulted Von Hohncl (17), however, m 1924, daiified this 
point He discussed thirty-three species of Cyhndrosponmn, 
and refeiled these to eleven genera, five of the latter being new 
Von Hohnel regarded Cyhndrosporium conccntricwm as the only 
true species of the genus 

If Berkeley and Bioome are collect, and the fungus is named 
Gloeospomun conccntricim (Grev ) Berk and Bi , then there is 
nothing left m the genus Cylmdrosporium 

Description of the Pathogen on the Host. 

Spores of the fungus were, easily obtained Horn the small 
snow-white fructifications on the leaves of the host, and were 
examined microscopically They weie extiemely numerous, and 
each possessed a mucilaginous envelope The spoies measured 
on the average 119X3 /a, and were cylmdncal, rounded at each 
extremity, hyaline, straight, or slightly curved, cme-celled, 
generally bi-gutlulatc, sometimes, however, more than one oil 
drop occurring at each end 

Portions of leaves of a diseased cauliflower weie fixed, and 
embedded, and sections about 5/* thick wei e cut, and' stained by 
Haidenham's iron-alum haematoxyhn method In this way 
sections wete obtained which showed the fructifications at a 
fairly young stage before the ruptme of the cuticle, and a still 
later stage depicting mature fruiting areas when the cuticle of 
the host had been ruptured (Fig. 1) 

The acervuli were subcuticidar, mtercellulai fungal hyphae 
were observed within the leaf tissue, extending several layers 
below the cuticle (Fig 1 g) From a slight, but nevertheless wed- 
defined stroma, the comdiophores arose perpenchculaily, These 
were unbranched, fairly closely packed, short, usually onc-celled, 
from which the ennidia, each with a single well defined nucleus, 
were constricted off one at a time from the apex One comdium 
was completely formed and set free before another started to 
develop (Fig 2) The acervuli finally became erumpent, and 
the spores oozed out on the leaf surface 



Glocospornnn conccntncum 


99 



Figs 1, 2—1 Tiansvetsc section of an acervulus on the under surface of 
a cauliflower leaf X 364 2 Portions of transverse sections of ascer- 

uili, showing comdia borne on conidiophores X 364 A Epidermis of 
leaf, B ruptured cuticle, C stroma of acervulus, D comdiophore 
constricting off a spore, E. spores set free, F spores cut transversely, 
G intercellular hyphae 



Figs 3, 4—3 Transveise section tin ought a midrib of a cauliflower leaf, 
at an early stage m cork formation X 282 4 A later stage showing 

the deep-seated cork cambium, and layers of diseased tissue. X 168 
A Cork cambium, B cork cells; C diseased leaf tissue 
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Sections of midribs and petioles showing brownish-black scars 
were also cut and stained They showed acervtih similar to 
those found on the laminae of the leaves Sections of the k scais 
aftei they became wimkled in appearance showed a veiy exten¬ 
sive development of corky tissue, on the suiface of which fungal 
hyphae were distinguishable, also a few spoies Eatly and lulei 
stages m cork formation are depicted m Figs 3 and 4 Staining 
with chlor-zmc-iodine seivecl to define the full extent of the 
corky tissue 


Description of the Pathogen in Culture. 

(a) Isolation from Host , and Growth on Various Media 

The pathogen was first isolated from the leaves of Brazil a 
oleracea m 1932, and since then fiequent isolations have been 
made, and the fungus obtained m pure culture without any gieat 
difficulty 

The following media were used —Malt agar, oatmeal agar. 
Brown’s synthetic potato dextrose agar, cabbage agar*, sterilized 
cabbage midribs, sterilized potato slopes, turnip juice 

Malt agar (Plate VI , Fig 3) —Growth is fairly slow and 
restricted Young colonies have a puckered appeal ance with a 
moist cream-coloured mycelium, due to the formation of spores 
m great numbers Later the culture turns dark gieen to black 
m colour, except at the glowing edges, and small black spherical 
to sub-spherical bodies appear These vaiy from 200/j-670fx m 
diameter, and may be simple or confluent These structures 
appear macroscopically very like pycnidia Ashby (1) m 
investigating Gloensfonum musarnm states that, “Both Las- 
mer (22) and Toro (30) refer to these structures as pycmcha 
Kruger calls them pseudopyemdia ” The term was ongmated 
by Potebma (25) when describing certain species of Septoru 
Following Potebma’s example, the term pseudopycnulium will 
lie used throughout this account 

A mature pseudopycmdium possesses a rounded ot sometimes 
stellate ostiole, which opens wide to expose the hymemal layei of 
branched comdiophores bearing comcha 

Oatmeal agar—Compared with the late of growth on malt 
agar measured m terms of diameter of the colony, growth on oat¬ 
meal agar is quick As the culture ages, the hyphae turn dark- 
green to black On the dark mycelium, discrete sporing aieas of 
a dirty cream colour, together with black sphencal pseudopyc- 
mdia, are clearly visible Aerial mycelium is absent m these 
cultures 


500 sms of fresh cabbage leases ^ere boiled in 500 ecs, of water The 
so obtained was made up to 500 cts, added to 500 cos of k l % agar plus 
dextrose, and autocla ed in TOrlenmeyei flasks 


extract 
1 5 % 
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Brown’s synthetic potato dextrose agar—This medium is 
unfavourable to growth The mycelium is slightly raised and 
very restricted, white to cream, and not moist, on account of 
limited spore formation 

Cabbage agar—Growth on this medium is similar to that on 
malt agar The pseudopycmdia, however, are not as numeious, 
and growth, on the whole, is more restricted 

Sterilized cabbage midribs —On cabbage tissue the fungus 
exhibits a different mode of growth The mycelium is more 
aerial m type As the culture ages, there is a darkening of the 
tissue, and also of the fungal mycelium Pseudopycmdia are 
developed 

Sterilized potato slopes—This medium also exhibits a distinct 
type of growth Young cultures appear quite dry, pure white, 
dense and decidedly wrinkled; later becoming black, accompanied 
by blackening of the potato tissue Spore formation is very 
restiicted and no pseudopycmdia are formed 

Turnip juice— Giowtli m a liquid medium such as tuinip juice 
is very sIgw, a mycelium is giadually formed on the surface 
The spores may smk to the bottom of the tube, whete they 
germinate 

It is evident, therefore, that starchy media, such as Brown’s 
agar, and potato slopes, are unfavourable for the growth of this 
fungus, this was also noted by Lasnier (22) in his account of the 
growth of Glomcrella (Glocosponum ) Cattlcyac on starchy 
media 

The optimum temperature for growth on any medium is from 
19 deg C-20 deg C , and all the cultures described above, weie 
grown at approximately 19 deg C 

b Spore Production m Culture 

Tn culture the aveiage spore measurements ate as follows, 
10.4-13 1^ X 2 5-2 8/*, and comdial formation takes place in 
three distinct ways — 

L Comdia may be formed at any point throughout the culture; 
the couidiophores are short, blanched, and arise from the ordi¬ 
nary growing hyphae The conidia are constricted fiom the tip 
of a comdiophore, one by one, when one conidium is completely 
formed, it is set free, and then the comdiophore sends out a 
second spherical protuberance, which elongates until it leaches 
the normal dimensions of a spore, and is then set free, In this 
way numeious spoies are formed from the one comdiophore, 
which is soon completely masked by them This type of spore 

8723 —4 
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formation is best studied in single spore colonies, which are sown 
m malt agai m petri dishes Cornelia commence to develop aftei 
about four days at 19 deg C (Figs 5 and 6). 




Figs 5, 6—5 Colony giown on malt agar, from a single spoie, showing 
comdia being foimed at any point from short branched comdiophores, 
after five days X 261 6 The same after six days X 261 A Cotu- 

diophore commencing to divide into two, R the second spoie being 
foimed, in succession 

2 The disci ete spot mg aieas, which are easily seen on oatmeal 
cultures, are seen, when sectioned, to consist of a definitely raised 
plectenchymatous stroma, and from this arise numerous branched 
comdiophores, multicellular, elongated, and producing spores in 
the same way as described above (Fig 7 ) On account of the 
well-developed stromata, these fructifications may lie termed 
“ sporodoclua ” 



Figs 7-9—7, Comdiophores and comdia from discrete spormg areas on 
oatmeal agar, from transverse sections X 400- A, Elongated, branched 
comdiophore; B. comdia formed in succession 8 Transverse section 
of a mature pseudopycnichum, growing on malt agar X 43 A. Surface 
of culture medium, B, outer region of loose hyphac, C daik inner 
region, E. elongated branched comdiophores 0 Comdiophores and 
comdia from a pseudopyemdium X 418 A Blanched comdiophore, 
B comdia forming m succession 

3 Finally comdia are produced m pseudopycnidia When sec¬ 
tioned a typical pseudopyemdium shows an outer legion of 
loosely arranged hypliae, and a dark inner region, about 40/x in 
thickness, which consists of closely compressed hyphae This 
inner region is lined by elongated, branched, comdiophores (Fig 
8), which produce comdia from their tips in the usual manner 
(Fig, 9) 
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c Spore Germination 

This was studied m hanging drops of stenle watei Spores 
were germinated at 19 deg C and also at the fluctuating tem¬ 
perature of the laboiatory Germination commenced slightly 
earlier, and was more rapid at 19 deg C than at room tempera¬ 
ture The experiments were carried out with spores obtained 
dnectly from the host, and also with spoies produced m culture 



Figs, 10-13—Spores from host, germinating m a hanging drop of water 
X 291 10 Aftci 24 hours ( 11 After 48 hours, 12 After 72 hours. 

13 After six days A Comdium before germination, B germinating 
conidium, C medium septum in germinating comdium, D germ tube, 
E original comdium; F comdiophore, G secondary comdium 

Aftei twenty-four hours spores about to germinate appeared 
slightly swollen, and others still further advanced showed a 
median septum The first germ tube generally proceeded from 
one end of the spore, and later the other section of the spore 
produced germ tubes (Fig 10). After forty-eight hours the ger¬ 
minating filaments exhibited septa, and some showed the com¬ 
mencement of branching (Fig 11) Finally secondary comdia 
were produced from short comdiophores, as shown in Fig 13, at 
or after six days 
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Appressoria such as weie observed in hanging drops ot 
Gloeosponum imisarum spoies, were not formed by the fungus 
f 10 m Brassica leaves The hanging diops weic inverted, so that 
a great number of the spoies when they get initiated came into 
contact with the glass covershp, thus leceivmg the contact 
stimulus necessaiy for the, pioduction of appiossmu, but m no 
case weic appiessona obsaved 

d Chlamydosporc production 

Chlamydospores were not noticed on actively glowing cultuies, 
but were fiequently obsetved in veiy old cultuies and were 
abundantly developed on Brown’s agai The ehlamydospoies 
measure from 10-15/a X 5-9/a, and may be developed either m an 
intercalary position or teiminally (lug 14 ) They ate ttmghly 
oval to round in shape, and pale yellow in colour. 

Inoculations to prove Pathogenicity. 

Healthy cauliflower seeds were planted tn seed boxes, and 
when the plants had giown about three inches high, they were 
tiansplanted into small flowei pots, one plant in each pot, and 
allowed to establish themselves 

Then four plants weic sprayed with a suspension of spoies in 
distilled water and controls with distilled watei alone The seed¬ 
lings were placed in a glasshouse and kept m a moist atmospheie 
fm four clays Then they weie placed undei mdmary glass¬ 
house conditions, and the plants closely examined each day fm 
the first sign of infection 

Aftei ten days minute blackish scars weie noticed on the stems 
of the infected plants At this stage the pots weie transferred to 
a sheltered position out of clonus 

Latei the small scan eel areas extended up the midribs of the 
leaves and along the veins. Spores were easily demonstrated 
from stems or leaves, occurring m the chaiacteristic snow-white 
areas, associated with the darkened regions (Plate VI,, Fig. 4.) 
Symptoms were developed by each of the four infected plants. 
The control plants showed no sign of infection, remaining 
healthy throughout the experiment The above expel iment was 
repeated with the same results. The pathogen was isolated quite 
readily from the spormg areas on the leaves or stems of the seed- 
lings, "and its appearance on cultuie media agiced m eveiy par¬ 
ticular with the growth of the fungus isolated from diseased 
plants in the field 

In order to determine the way the pathogen entered the host, 
seedling leaves of cauliflowers were spiayecl with a spoie suspen¬ 
sion and the plants treated as before After four days, the leaves 
were removed from the plants, and fixed m Gilson's fixative, then 
stained with cotton blue m lacto-phenol foi about an hour When 
examined nucroscopicallv the spoies with their geim tubes weie 
stained a deep blue, the single cioss wall m each germinating 
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spoie was clearly defined The germ lubes seemed to penetrate 
the leaves more readily on the lower surface, and m many 
instances just at the point of penetration the filament seemed 
to vswell slightly, but m no case was a definite appressonum 
developed The germinating filaments, after piercing the cuticle, 
could easily be traced for some, distance, appearing a paler blue 
colour, owing to the overlying cuticle Germ tubes entered the 
leaf through the walls of the epidermal cells and the, guard cells, 
but were not found passing through the stomatal pore m any case 
(Fig 15) 




Figs 14, 15—14 Chlamydospores developed on Brown’s agar X 282 
A Chlamydospoie, B hyplia, C comdium 15 Spores geimmaimg on 
the under surface of a cauliflower leaf, after a period of 4 days. X 282 
A Germ tube on surface of leal, B point of penetration, C germ 
tube aftei penetrating cuticle, D stomatal pore, E epidermal cell of 
leaf 


The Effect of pH on Spore Germination. 

The effect of various pIT values on spore germination was 
tried Hanging drops over a wide lange of pH values were set 
up in sterile water, with spores obtained directly from the host 
The, hanging drops weie placed in a moist atmosphere, and left 
at room temperature for 24 hours The maximum temperature 
during this period was 14 4 deg C, and the minimum 10 cleg C 
Spoies in sterile water (pH 6 0) weie used as controls. 

The percentage germination at each particular pH value was 
determined after taking counts from five microscope fields The 
results are tabulated below — 


Spores Geminating in Lactic Add 

Spores Germinating In 3STa a C0 3 

pH 

Average Germination 

pH 

Average Germination 


% 


% 

4 9 

02 

8 4 

75 

3 9 

73 

9 4 

73 

3 7 

39 

9 6 

67 

3 5 

35 

9 9 

74 

3 4 

32 

10 1 

61 



106 


Frances /. Halsey 


The controls gave an average percentage germination of 95 S 
per cent On each side of pH 6 a general fall in peicentage 
germination of spoies took place, from 95 to some 73 pel cent., 
within a range of pH 9 9 and 3.9 Beyond this lange, the per¬ 
centage germination fell sharply, especially on the acid side 

Dismission. 

In 1823, Greville descnbed a ftmgtra fiom Brassua leaves m 
Scotland, which he named Cyhndrosporiitm con centric uni Later 
Berkeley and Broome examined Greville's original material, and 
changed the name to Gloeosponum concentricum (Giev.) Berk 
and Br Buddm, whose work is unpublished, isolated a fungus 
in England which (Miss) Wakefield considered to be 
undoubtedly Gloeosponum concentricum (Grev,) Berk and Rr 

The average spore measurements of the fungus found on 
Brassica leaves m Victoria are 119 X 3 /a Buddin’s spoie 
measurements for his fungus aie 10 X 2 /a The latter 
show a good practical coirespondence with the measurements 
obtained for the Victorian pathogen The spores aie not 
very narrow m relation to their length, and come well withm 
the range of spore measutcments for a typical Gloeosponum 
species The way the comdia are borne on the ends of 
short comdiophores, m this case usually unbranched m the 
acervuli, is also typical of Gloeosponum The type of spore 
formation when compared with that of Gloeosponum miisarum 
is found to agree m every particular A typical Gloeo - 
sponum , howevei, generally develops appressona, when the 
germinating filaments are stimulated by mechanical contact 
The greater number ot diseases descnbed as authiacnoses 
fall under the genera Gloeosponum and Colletotnchuui , and 
m the majority of these appressona are developed How¬ 
ever, both on the host and m hanging-drop cultures of water, 
appressona fail to develop m the fungus under discussion. It is 
usually considered that a genuine Gtoeosporium develops sub- 
epidermally, whereas this fungus originates subcutlcularly It 
has been mentioned above that Nannfeldt regaids the attempt to 
classify genera by their position withm the host (subcuhculai, 
subepidermal, &c ) as futile The peifect stage of the fungus 
has not been found, as yet, on the host or m cultiue Many 
methods of culture have been tried, m order to tiy and induce 
the perfect stage, but up to date without success 

From the data collected, it is evident that the lack of appres- 
sona is the only real divergence from Gloeosponum Cone- 
spondence with Butler reveals the fact that it is unceitam whether 
Greville’s fungus and that isolated by Buddm are the same 
species Butler suggests that until Greville's fungus is reclesuibed 
the name Gloeosponum concentricum (Grev ) Berk and Br may 
stand 
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The form isolated in Victoria seems to lesemble Buddm’s 
isolation Therefore, until the redescnption of Greville’s fungus 
ancl the discoveiy of a perfect form, Butler’s suggestion is fol¬ 
lowed—the Victorian pathogen is retained m the Melanconia- 
teous genus Gloeosponum , the full nomenclature being Gloeo - 
sporunn concentncum (Grev ) Berk and Br 

Summary. 

1 A study of a disease of cauliflowers in Australia has been 
made, as a result of which the pathogen is named Gloeosponum 
comentncum (Grev ) Berk and Br 

2 A disease was recorded on Brassua leaves in Scotland by 
Greville m 1823, when he considered the pathogen peculiar 
enough to entitle it to generic distinction—hence he named it 
Cyhndrosponum concentncum Grev Berkeley and Broome, 
m 1850, examined Greville,’s material, and changed the name to 
Gloeosponum concentncum (Grev ) Berk and Br 

Buddm isolated a fungus m England which Wakefield con- 
sideied to be Gloeosponum t onccntncum (Giev ) Berk and Br 
I-Iowevei, Butler is uncertain whether Greville’s fungus and that 
isolated by Buddm aie the same species, and suggests that until 
Gi*eville’s fungus is redescribed, the name Gloeosponum concen¬ 
tric uni (Giev ) Berk and Br may stand 

3 The disease is characterized by minute snow-white clusters 
of spoies, which burst through the cuticle of the leaves and 
stalks, the spot mg areas or acervuli being arranged more or less 
concenti ically 

4 The pathogen was isolated from the host, and obtained in 
pure culture Growth on different media was studied 

5 Spore germination was followed in hanging drops of sterile 
water, and the effect on germination of varying pH values was 
studied 
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Explanation of Plate VI. 

Fig 1—Cauliflower leaves infected with Gloeospoj mm concentrxcmu Note 
the white spormg areas associated with the blackened regions on 
the laminae, and the corky scars on the michibs 
Fig 2—Portion of a cauliflower leaf infected with Glocospormm concert - 
tricwn, showing the white fructifications somewhat concentrically 
arranged 

Fig 3— G concentncum, growing on malt agar Note small black 
pseudopycmdia, blackened stroma, and white growing zone 
Fig 4—Cauliflower seedling, which developed symptoms of the disease 
after being sprayed with a spore suspension of G concentncum 
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Introduction. 

The Geological Survey of Victoiia, over a period of yeais 
from 1890 to 1920, published a number of reports, by Stirling 
(1892), Kitson (1903, 1917), and Ferguson (1909), m which 
were included detailed accounts of the geology of the areas 
covered by a series of Quarter Sheets—Nos 67 S.E., 67 N E 
75 SW,, 76 SW, and 76 NW (unpublished) In the cottise of 
this field work, an extensive collection was made from the dykes 
and volcanic necks herein described, to which later workers have 
added* The specimens were sectioned, and five analyses were 
prepared m the Survey Laboratory 

At the time of the author’s departure foi England to take up- 
an 1851 exhibition, this collection was put at lus disposal through 
the generosity of the present Director of the Geological Survey 
of Victoria, Mr W Baragwanath, together with a number of 
unsliced specimens These latter have been sectioned in the 
Geology Department of Imperial College, and six further 
analyses have been completed 
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The general geological map of South Gippsland, published m 
the Report of the Secretary for Mines, Victoria, for the yeai 
1917, has been used as the basis of the appended sketch map 
Locations of dykes and plugs were added fiom quarter-sheets, 
parish plans, and othei lecords The positions of the fault lines 
are based upon information supplied by the Geological Suivey 
of Victoria 

The probable extent and stiength of the dyke swarm can only 
be conjectured, owing to the limitation of exposures by the deep 
surface soils and vegetable accumulations of the gullies, by the 
dense undergrowth and forest that covers most of the hills, 
and by the burying of the dykes in the down-faulted blocks by 
later Tertiary sands Bore records show that the dykes occur, to 
unknown extent, m these down-thrown aieas 


General Features of the Dykes and Volcanic Necks. 

The Dykes 

These aie composed of a suite of analcite-ohvine-dolerites 
(umanitesj, ohvme-basalts, and monchiquites They show a 
stiong north-westeily trend, with indications of a nunoi group 
striking north-easterly to easterly, both groups being contem- 
poianeous 

They are best exposed m the stiip of Jurassic countiy parallel 
with the coast line from Kilcunda to Cape Paterson, either along 
the shoie-lme, or on the deforested hills Describing this area, 
Ferguson (1909, p 8), states — 

“All the dykes observed were m the Jitiassic rocks and were 
basaltic, though their texture vanes . so that they appear 

to tange fiom fine-grained basalts to gabbros They vary m 
uidlh l mm a few inches to two chains and range up to 

20 chains in length ” 

Stilling (1890, 1892), examined dykes m the Parishes of 
Jcvtho, [eetho West, Poowong, and Korumbuna These dykes 
also intruded and indurated the Jurassic countiy rocks, and all 
hut one showed the north-westerly stiike The exception was a 
huge doleiitic dyke which crosses the lailway cutting m the 
Koutmburra township reserve, and trends north-easterly A 
small basaltic dyke just west of Outtrim township has an east- 
west sti ike, and a large dolente dyke met with in the workings 
at Tuiton’s Creek strikes north-east, but all other dykes whose 
strikes have been recorded have the north-west strike They 
have been affected by both major and minor faults, and the Bena 
and Korumburra dykes rise through anticlinal structures m the 
Juiassic sediments 
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The dykes described by Stirling aie geneially laiger than 
those m the Kilcunda area, the largest being the Qmkston Dyke 
(allotments 21, 23, Paiish of Poowong), which is about 16 
chains across, and has a coarse gabbroic textuie It thins out 
to the south-east The Cheviot Neck (Paiish of Junihunna 
East) is sinnlai 

Felsitic Dykes' 

Felsitic dykes have been lecoided m various paths of the atea 
(Munay, 1876, Stirling, 1892). These intrude the Juiassic 
sediments, and wexe locally faulted dm mg the intiusion of the 
dolexite dykes They are commonly much decomposed, but fresh 
samples show them to be tiachyandesites it seems probable that 
they repiesent an acid differentiate of the “ cnnanitic ” smie 

The Volcanic Necks 

The, volcanic necks of South Gijipsland are divisible into two 
main gioups —A group of eight, all of a basic, and geneially 
clastic, character, outcropping along the coast from Cape 
Paterson to Anderson’s Inlet, and another group of about ten, 
which are more basaltic, and generally free from elastics, occui- 
ring north-west of the Kongwak Fault, m the Parish of Juni- 
bunna East Isolated plugs occur farther to the north, eg,, the 
olivme-nephelmite plug near Droum West 

The largest of the four necks at Cape Pateison has a thice- 
quarter acre pear-shaped outcrop, and mtitides Juiassic sedi¬ 
ments, which ate indurated for seveial feet fiom the contact. 
The greater part of the plug is occupied by a dense blue-black 
tuff, composed of fragments of basic igneous rocks It is 
traversed by small megular dykes, and m places roughly 
columnar moncluquite is found This contains scattered crystals 
of felspai, and large masses of olivine, much of which is decom¬ 
posed, up to 2 feet across Inclusions of Jurassic material are 
numerous. 

The four volcanic necks at Anderson’s Inlet (Kitson, 1903) ^ 
differ from those m the other parts of the area by being com¬ 
posed almost entirely of clastic material Blocks of two types of 
basalt are found m the agglomerates—a dark dense lock (mon- 
chiqmte) with patches of olivuie, and a veiy vesicular grey 
basalt. The neck near the mouth of Screw Cieelc is rimmed 
with a narrow shell of finely vesicular scoriaccotts mud-basalt, 
which shows laminations parallel with the wall It contains some 
hard blocks of basalt, but is mainly composed of an agglomerate 
of blocks of decomposed basalt, Jurassic sediments, tuff and 
lapilli, and a material that resembles volcanic mud The largest 
neck of the group has a visible extent of outcrop of 12 chains by 
8 chains before it passes under the sea, or into the mangiove 
swamps 
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The group of volcanic necks north-west of the Kongwak 
Fault have been described by Kitson (1917) —“ In size the, necks 
vary from a few squate feet to 53 acres They are ranged 
i ouglily along certain lines, and occur either singly, or m small 
groups The, rocks foimmg the necks aie either coarse-grained 
or very fine-grained The coarse-grained type (dolentes) occurs 
at the Cheviot Neck, and at Pollock's Hill (allotment 54, Parish 
of Jumbunna East) Theie are seveial similar occurrences to 
the north and north-east 

The fine-grained type (monchiquite) may contain 

scattered crystals of felspar, hornblende, black mica, olivine, and 
pieces of glass The porphyritic type occurs m the four largest 
necks (Moyarra, Wilson's Knob, the adjoining neck, and the 
Wolonga Neck). The cryptocrystallme rock occurs at Thomp¬ 
son's Hill, Krowera, and m one of the group of necks of allot¬ 
ment 54, Parish of Jumbunna ” 

Tufaceous basaltic outcrops, possibly necks, occur m allot¬ 
ment 30a, 37, 41a, and 23c of Kongwak, and m allotment 31 of 
Kirrak Ferguson also regards as possible necks the three out¬ 
crops m allotments 26a and 94c of Woolamai, and 9 of Knrak 


Petrography. 

Ouvine-Nephelinite 

A single plug of this rock has been found m South Gippsland, 
and the only other occuirence known m Victoria is a plug asso¬ 
ciated with monchiquite dykes, found near Greendale It is not 
known for ceitam that the, nephelmite belongs to the association 
to be described m the following pages, but it is of the same, age, 
and many features suggest that it should be included The 
Greendale nephelmite has more distinct monclnquitic featmes 

The olivine-nephelmitc, which has been descnbed by Mahony 
(1931), is woiked m a quarry m allotment 91, Parish of Drouin 
West, and from the map appears to penetiate, and so post-date 
the Older Basalts. Actually it is suiiounded by basaltic soils, 
and no definite lelations are to be observed, but it has been 
proved to be a plug by bonng 

Microscopically it is a holocrystalhne, panidiomoipluc rock, 
consisting of nephehne, augite, olivine, and iron-ore; felspar is 
absent Nephelme, m limpid and colourless crystals, some of 
which are 0 25 mm wide, and almost micioporphyntic, foims 
about one-tlurd of the rock Pyroxene is the next most abun¬ 
dant mineral, forming colourless to greenish, and non-pleochroic 
prisms, about 0 08 mm long, m felted aggregates between the 
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nephelme crystals Olivine is nuciopoiphyritic m fairly abun¬ 
dant ldiomorphic crystals from 0 5 to 1 5 mm across; it is par¬ 
tially altered to serpentine, and is then marked along the rim 
by a strong irregular border of iron-ore ciystals, tin own down 
during the serpentimzation Abundant cubes of litamfeious 
iron-ore and rods of apatite aie scattered unifoimly throughout 
the rock Elongated zeolites aie piescnt, probably of natiohtc 

The Greendale nephelmite approaches closei to a monchiquite, 
having less nephelme, and rather more augite, both m the ground 
mass and as microphenocrysts—a brown augite, with a narrow 
run of titanaugite The augite crystals are ldiomorphic and 
zoned, with their cores rich m iron-ore inclusions (“ spongy”), 
or the core may be greenish, due to the presence of the aegirinc 
molecule The analyses (Table 1, Nos 1 and 2), show the 
difference m amount of nephelme and pyroxene m the highei 
Na s O and lower CaO of the Droum lock; and it is to be noted 
that while the Ti0 2 content of the two locks is similar, only one 
of them reflects its presence m possessing titanaugite 


Monchiquites 

True monchiquites have been collected from some twelve 
localities within the area, including both dykes and volcanic 
necks, and though the latter might be designated limburgites 
appropriately, it has been thought simpler to describe all the very 
similar specimens by the same namie The close similarity 
between these rocks and the monchiquite dykes of the Bendigo 
gold-field makes the term monchiquite the moie suitable No 
analysis of the typical monchiquite has been made on this 
account, but a Bendigo analysis ns quoted (Table I, No 3), to 
give the approximate composition 

In hand specimens the rocks are geneially dense and bluish- 
black m colom, with occasional microphenocrysts of greenish 
olivine, and more numerous small while vesicles, 

♦ 

Undei the microscope the microphenocrysts of olivine aie 
seen to be thoroughly serpentinized They aveiage about 0 3 mm 
across, and retain their idiomorphic outline Xenocrysts of fresh 
olivine, showing strong reaction rims m coirosion, arc occa¬ 
sionally observed These aie as large as 3 mm m diameter, and 
irregularly concentrated 

These plienocrysls are set m a unifoimly fine ground-mass, 
which consists of ldiomorphic pi isms of augite, a little altered 
olivine, iron-ore, some biotite, hornblende, and a quantity of 
glassy material Patchiness, due to local concentiation of glass, 
is a feature of the groundmass, just as m the Bendigo dykes 
(Stillwell, 1912) Rare grains of picotite are present 
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The augite shows zoning—a diopsidic core with a titanaugite 
inn—and is markedly ldiomorphic, The titanaugite is pleochroic, 
geneially faintly, with X ~ yellowish, Y — reddish-violet, 
Z = yellowish The iron-ore is equally ldiomorphic, m octa- 
hedia, smaller m size than the augite prisms with which it is 
associated Intersertal between these is the glassy material, 
which is generally clear and colourless, but turns yellow and 
deposits trichytes of iron-ore during devitrification It is always 
an important constituent 

Occasional scales of biotite and hornblende occur m associa¬ 
tion with lighter-coloured patches of the groundmass, and with 
ceitam of the vesicles These scales may be shreds with no 
structure, or laths up to 0 1 mm long, showing strong pleo- 
cliroism from brown to straw-yellow, and provide a close parallel 
with the biotite and hornblende flakes of the Bendigo dykes 
Reaction between the non-ore and the appaiently felspathic 
glassy residuum seems to contribute to their formation 

No felspar is observed in the typical sections, but m one or two 
with basaltic tendencies a few fine laths or miciohths of labra- 
donte are dispersed through the groundmass 

Amygdales may be veiy abundant, and may contain (a) 
fibrous natrolite, (b) chlorite and aragonite, or (c) an isotiopic 
material similar to the glassy base The last (c) is often sur¬ 
rounded by dark zones, due to the abundant development of 
skeletal iron-ore, togethei with biotite and hornblende laths 
Crystals of the latter mmeials are largest at the outer edge, and 
there show tendencies towards radial orientation of their long 
axes about the amygdale Nearer the amygdale the skeletal iron- 
ore is concentrated, and the biotite and hornblende dimmish to 
mere scraps Some of these amygdales contain ragged cores of 
calcite within the glass, and m the calcite are, small isotropic 
cubes of analcite ( ? ) In some cases these amygdales extend as 
short veins into the rock 

Cape Paierson Variety 

The, rock from the largest neck at Cape Paterson contains 
microphenocrysts of both olivme and augite, set m a glassy base 
which is rich in non-ore The olivme is generally fresh, and is 
margined by well-marked reaction rims of brown to purple- 
brown augite Like the olivine, the augite microphenocrysts are 
ldiomorphic They consist of a colourless core of diopsidic 
material, with an outer zone of purplish-brown, pleochroic titan¬ 
augite Some of the crystals exhibit twinning parallel to (100), 
with thin lamellae separating the principal parts of the twin 

Picotite is present m small grains, included within olivines, 
and small zeolites are frequent. The analysis (Table I, No 4) 
shows the rock to he richer m magnesia, and poorer in titama 
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than the no 1 mat type, and agiees well with a mieiostopically 
similar rock (Analysis No 5) from Mooiabool East, which is 
also associated with normal monchiquite dykes 

Anderson's Inlet l / anefy 

The specimen fiom Townsend Bluff (Neck No 1, of Kitsoii) 
is nchei m augite than that at Cape Paterson, and contains tuicio- 
liths of plagioelase The augites show tlnee zones, the mnet- 
most zone is occasionally green, and pleoclnoic to yellow, indicat¬ 
ing the earlier development of the aeginne molecule, but mole 
commonly both the xnnei zones ate colourless, the second being 
veiy narrow The rim is of biowmsh-purple titauaugite, which 
is pleoclnoic with X—yellow, Y — biowmsh-purple, Z = faint 
yellow The central zone may contain inclusions of moie or less 
alteied olivme The groundmass, apait from the plagioelase, is 
similar to that of the Cape Pateison lock 

Xenohths of Dunite 

Masses of olivme, up to 2 feet in diameter, have been 
observed m the monchiquitic volcanic necks These must lcpre- 
sent either segregations of the olivme from the magma of the 
monchiquite, or a dunitic phase within the magma chambei, 
through which, or from which, the monchiquitic material was 
forced 

Such a xenolith, found m the large Cape Paterson neck, con¬ 
sists almost entirely of olivme and picotite The edges of the 
olivme crystals are sometimes deeply iron-stained, and almost 
opaque The olivme itself is colourless, and contains less than 
12 per cent of FeO Individual giams reach 1 5 mm acioss, 
but the aveiage is 0 5 mm They are allotnomorphic, and the 
picotite is either included within, or caught up between the 
crystals The approximate composition is —Picotite 5 per cent, 
olivme 70 per cent, and opaque iron-stains about 25 per cent 

M o n c h iqu i te-Basalts 

The rocks of this group are about as equally developed as the 
true monchiqultes, and include most o£ the smallei plugs of the 
Jtimbunna East group. They grade by increase of plagioelase 
into olivine-basalts, and by decrease of plagioelase into true 
mohchiquites 

In the hand specimen they are not to be chfieientialed fiom 
the monchiquites, They weathei to a greyish rock with a fine 
hackly fracture Analyses have been made from the Moyaua 
Neck, t in the soiith-west of allotment 55, Parish of Jumbunna 
East, and from Glanfield’s cultivation paddock, neai Kilcunda 
fT&bl'e 1, Analyses Nos 6 and 5 lespectively). 
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These rocks differ from the monchiquites m that the olivine 
crystals are usually rounded hy lesorption The groundmass is 
equally uniform, but coarser, and contains a characteristic, 
though variable, amount of plagioclase, which may be m the form 
of minute nucioHths, or as numeious laths of the composition 
Ahr l0 Aiir j0 The glassy base appeals to be related to the felspar, 
and is uch m tiichytes of iron-oie Analcite may be present, 
and is accompanied by shteds of biotite Fine needles of 
apatite are abundant, and lare grains of picotite are included m 
the olivine crystals The zeolites parallel those of the monchi¬ 
quites 

This gradation of monchiquite into olivine-basalt is similar 
to that described by Stillwell (1912) for the Bendigo monchi¬ 
quites 

Anorthoclasc Crystals 

The large crystals of felspar found m these rocks (Kitson, 
1917) are of a composition approaching Or^Ab^Am,, from a 
poor analysis (Mahony, 1928) 

Olivine-Analcite-Basalts 

These may be described under two groups 
Group A—BasalHc Dykes mth Tttamferous Augitc 

Several of the necks, and a number of the dykes, fall m this 
group The typical analysis fiom Callanan’s Hill (Table 1, No 
8) shows very little difference m composition from those of the 
monchiquite-basalts, but there is a marked contrast m their 
microscopical appearance, owing to the much coarser and less 
umfoini groundmass of the olivine-basalt These average about 
the texture of a medium-grained intei granular basalt, and grade 
towauls the analcite-ohvme-dokrites with met ease of gram 
size The chffeience is accentuated by the increased amount of 
plagioclase present m the sections 

The ldiommphie or conoclcd miciophenocrysts of olivine 
average about 0 4 mm m diametei, and are serpentimzed to 
varying degiees They aie set m an intergranular, sometimes 
partially ophitic groundmass, m which the felspar laths tend 
towards parallel orientation The augite of the groundmass 
equals the plagioclase m quantity, and is idiomorphic, or m small 
plates of reddish-violet colour, with weak pleoclnoism to a faint 
yellow, the violet colour often being limited to the rim zone about 
a diopsidic core The iron-ore is coarser than m the monchiquite- 
basalts, and less evenly distributed Analcite occurs abundantly 
mtersertal to the othei minerals, or in zeohtic patches, and is 
both turbid and clear A little colourless felspar, possibly ortho- 
clase, shteds of biotite and needles of apatite accompany it 
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Group B—Basaltic Dykes Poor m Analafe and with no 
T itanaugitc 

Analysis No 9 (Table 1) shows this vanety to be ticket m 
A1 2 0 { and pooler in MgO than the group pieceding This is 
reflected in an met ease m plagioclase at the expense of 
olivine The augite is geneially colouiless, but may show a 
faint violet colouration under high magnification There is also 
a trace of the aegnme molecule where analcite appeals, but the 
amount of the latter discernible is veiy small The litania has 
gone to the iron-ore crystals, which are rod-like and skeletal 
interstitial oithoclase is present, and in some cases the plagio- 
clase laths are larger than usual, developing microphenocrystic 
habit 


Analci te-Olivine-Dolerite. 

Analcite-ohvme-dolentes (crinamtic clolerites) are the most 
widespread type among the dykes, and they also form the huger 
volcanic necks, eg, Cheviot’s Hill and Pollock’s Hill With a 
decrease of olivine and an increase of analcite the latter outciops 
would become teschenites 

The hand-specimens have a coarsely ciystallme grey to 
greenish appearance, suggestive of a fine-gramed gabbro, with 
individual felspars and augites as large as 5 mm in length 

The typical rock consists of olivine, augite, labradoute, and 
analcite, with some alkali felspar, iron-ore, biotite, m some cases 
a little aegirme, and rare scraps of barkevikite Natiohte and 
analcite form zeolitic patches, and the lock is pieiced with 
abundant coarse lods of apatite Ophitic texture is prominent, 
but may be subdued by the idiomorphic tendencies of the augite 

The olivine forms unaltered, but corroded, ciystals up to 
3 mm across Being the first mineral to crystallize, apart from 
the apatite, it is often enclosed by small unorientated augite 
individuals, or by poecilitic augite plates. 

The augite is more abundant than the olivine, and is strongly 
zoned, the inner zone being colourless or faintly yellow, and the 
outer a pleochroic pinkish-violet, with X—faint yellow, 
Y =pmkish-violet, Z *=Haint yellow. It shows twinning parallel 
to (100), with thm lamellae separating the principal paits in 
some dykes the crystals are strongly idiomorphic, but moie 
generally the augite fox ms plates from 2 to 3 mm acrOvS v s, which 
may be fractured by differential movements The coloui varies 
locally, and m some examples the augite is colourless or only 
very faintly violet 

Analcite appears in varying quantities, reaching a maximum 
of about 15 per cent by volume m the Doomburum and Crude- 
ston dykes It occurs mtershtially, as clear or turbid patches, 
between the felspar laths, and when in contact with the violet 
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augite, it reacts with the latter to foim a green pleochroic 
pyroxene, of a composition varying between aeginne-augite and 
aeginne, depending on the degree to which the Na 2 ,0 has been 
mcoipoiated m the pyroxene Small ldiomoiphic crystals of 
aeginne, pleochroic from green to yellow, are found within patches 
of analcite, Aeginne develops only where augite is m contact 
with analcite; the 1 mis cease where the augite has been sheltered 
by a plagioclase lath 01 an olivine crystal Rare scraps of barke- 
vikite are found within the analcite aieas The analcite has 
“ patterned n the plagioclase, but the latter is too fresh to have 
been the source of the soda m the analcite, it must be regarded, 
therefoie, as pyrogenetic or deuteric in origin 

Two types of felspar are present —(a) laths of labradorite, 
and ( b ) interstitial alkali felspar, which appears to be orthoclase 
(this would agree with the high percentages of K a O shown by the 
analyses. Tabic 1, Nos 10-13) The plagioclase, laths m the 
coarsei rocks aie 3 mm by 0 S mm, but for the more average- 
gi amed types are between 1 and 2 mm long They are generally 
of labiadonte composition—Ab 15 An 55 , but m some cases are 
moie and Some show strong zoning, with a maigmal zone of 
ohgoclase, while m the Korumbuna dyke the marginal zone is 
neatly as wide as the labradonte core, and is of albite-ohgoclase 
The felspais, like the augites, aie fractmed by differential 
movement 

The iron-ore occurs as inegulai plates, up to 1 mm m 
diameter, generally ophitic about plagioclase laths A few 
inclusions of it are seen within the augites, but never within the 
olivine ciystals Associated with the iron-ore and the analcite is 
a small amount of biotite, which forms stiongly pleochroic laths 
and scales, making paitial or complete rims about the iron-ore 
ciystals The abundant apatite lods may be up to 2 mm long 

The ordei of crystallization has been —►Apatite; olivine, 
uon-oie, augite , plagioclase, alkali felspar, analcite, biotite, 
aeginne, barkevikite, and natrohte 

Felsjtjc Duces 

Only* one specimen of the felsitic or “ wackenitic ” dykes of 
Stilling (1892) was sufficiently presetved for sectioning 

This rock, which mtiudes the Jurassic sediments m the 
Outturn cemetery, consists of nucrophenocrysts of acid anclesme, 
Ab 05 An, 5 , and long flakes of hornblende, set in a holocrystalline 
groundmass of slightly more acid plagioclase, orthoclase, a trace of 
quartz, shreds of hornblende and biotite, and a very little iron-ore 
The felspar phenocrysts are ldiomorphic, and show combined 
Carlsbad and albite twinning with strong zoning, and have a 
microscopic outer rim of orthoclase The hornblende is a light 
green variety, ldiomorphic m small crystals, but more commonly 
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pooily structured, and apparently about to change over to biotite 
Both sets of phenocrysts show sub-parallel onentation fxom flow 
movements 

The groundmass is gxanulai to sub-ti achy tic, and formed of 
ldxomoi'phic basic ohgoclase Ab 70 An, l0 , with mtcxsextal orthoclase 
and quartz, shreds of biotite, and hornblende, and giams of iron- 
ore 

Reactions Observed 

The reactions observed to be taking place thxoughout the suite 
may be summarized as follows — 

1 Olivine -> diopsidic angite->- titanaugite-> aegirine-augite 

aeginne barkevikite 

2 Ilmenite + analcite (or plagioclase) = biotite 

3 Ilmenite + analcite (or plagioclase) — hornblende 

4 Lime-soda plagioclase soda lime plagioclase 

5 Olivine — serpentine + magnetite 

The serpentinizcition has occurred before consolidation fclio- 
morphic olivine nncrophenociysts in the monchiquites are 
strongly, if not completely, serpentinized, but m some slides theie 
aie found, m addition, fresh corroded xenocrysts of this mmcial; 
and m others, some fresh cores of olivine have been retained by 
the formation around them of a protecting nm of augite In the 
dolentic rocks serpentimzation of the olivine is a minor fcatme, 
and commonly absent The water vapour has prcfcired com¬ 
bination with the analcite molecule, 

Geochemistry and Differentiation. 

The Analyses 

The table of analyses is most informative when considered 
m conjunction with the tabic of norms While the CaO content 
does not vary greatly throughout the series, the normative anor~ 
Ihite content rises more or less progressively from the basic to 
the less basic rocks This leprcsents an meieaso in plagioclase 
and a corresponding decrease in pyroxene Noimative olivine 
decreases as the anorthite increases Albite and nepbcline, as 
individuals, fluctuate; but taken m combination, they show an 
increase parallel to that of the anorthite The NayO content in 
the analyses reflects this; but among the dolerites the concentra¬ 
tion of Na a O shows marked local variation, according as to 
whether the individual dykes are rich or poor m analcite The 
K s O, by contrast, remains much steadier throughout, and is 
higher than is usual for crinanitic rocks, while the TiO a is low 
for them (a fact reflected in the pale colour of the titanaugite), 
and falls progressively from the nephelmite towaids the cloleriles 
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Analyses — 

1 Ohvine-iiepheluute, plug in allot 91, Palish of Diouin West (F 1\ 

Field ) Proc Roy Soc Viet, 1931 

2 Ohvine-nephelimte, plug, 8 chains S of Gieendale Hotel, Parish of 

Blackwood (A B Edwaids ) 

3 Monchiquite dyke, Central Red, White, and Blue Mine, Bendigo 

(F Stillwell) Proc Roy Soc Viet, 1912 

4 Monchiquite pipe, Old Landing Place, Cape Paterson, Gippsland 

(A B Edwards ) 

5 Monchiquite dyke allotment 2, section VIII, Paiisli of Moorabool 

East, m Korwemguboora Creek (A B Edwards ) 

6 Monchiquite-basalt, GlanfiekTs Cultivation Paddock, Kilcuuda, Parish 

of Woolamai (A B Edwards ) 

7 Monchiquite-basalt, Moyarra Neck, Parish of Jumbunna East (A, 

B Edwards ) 

8 Ohvine-analutc-basalt, Callanan's Hill, noith end, Parish of Jum- 

bunua (Bayly, 1902-—poor analysis ) 

9 Oh\ ine-basalt dyke, Logan's Paddock, Kilcuuda, Pansh of Woolamai 

(A B Edwards) 

1U Oln me-analcite-dolerite, alkali-felspar type, Creek west of Gibson’s 

allotment, Kilcuuda, Parish of Woolamai (A B Edwards ) 

11 Ohvme-analcite-dolerite, dyke opposite Cadd’s smithy, Kilcunda, 

Parish of Woolamai (A B Edwards ) 

12 Analcite-ohvine-dolerite, Cruikston dyke, allotment 21, Parish of 

Jeetho (J Dennant) Prog Rcpt X, 1899 

13 Analcite-ohvme-dolerite, Kilcunda-road State School, Parish of Jum- 

bunna East (Bayly, 1903 ) 

The Variation Diagram 

The variation diagrams (Fig. 1), plotted fiom analyses calcu¬ 
lated to 100 per cent, free of water and calcium carbonate, place 
the rocks as follows, m the decieasing order of their silica per¬ 
centage —Analcite - olivine - dolerites; olivine - analcite - basalts; 
moncliiquite-basalts, monchiquites; ohvme-nephehnites, This 
arrangement is parallel with the decreasing order of gram si/e of 
the crystals (Fig 2) 

Three of the constituents give approximately stiaight-lme 
graphs—K 2 0, TiQ 2j and P 2 0 6 , except for the TiO z of No. 3, 
the typical monchiquite A different form of cuive, is necCvSsaiy 
to fit the points for the other constituents. As the basic end of 
the series is approached, the stem of the curve splits along two 
divergent paths towards the monchiquite group and the nephel- 
mite group respectively 

The divergence is most complete for A1 2 0 3 and Na 2 0, in the 
other three graphs one or other of the monchiquite points falls 
on the nephelimte curve 
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In the acid region (the dolerites), three analyses (Nos 9, 11, 
13) fall above or below the curve If arranged in the reveise 
order of then acidity—13, 9, 11—it is seen that a deficiency of 
iron and magnesia corresponds with an equally great excess of 
alumina, suggesting that excess sinking of olivine is the explana¬ 
tion of this divergence 



Dig 1 —Variation Diagram 


The source of the high Na^O m analyses 13 and 12 cannot be 
explained m this manner, but it is reflected in the rocks, which 
are especially rich m analcite It suggests that the concentration 
of soda is independent of the concentration of the lime, and takes 
place locally This suggests that the origin of the analcite might 
be deuteric (compare Daly, 1933, p 398, in connexion with the 
late concentration of soda m the ermamte of the Shiant Isles) 

The graphs throw little light upon the origin of the nephelmites, 
beyond demonstrating a number of points which they have m 
common with the monchiquites 
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Differentiation 

No instance of one dyke rock intruding another type is known. 
The only direct evidence for age sequence is a xenohth of coloui- 
less augite ophitzcally mteigiown with plagioclase (acid labia- 
donte) found in one of the monchiquite necks at Andeison’s 
Inlet All the vaueties occuis as dykes m close paialld associa¬ 
tions, the dolerites being dominant, inti tided conlempoiancously, 
so that the differentiation, 01 much of it, must have occmred 
within a pre-extrusion magma chamber 

Assuming this, the locks have been arranged m a column of 
mcieasing order of acidity, which should lepiesent in some 
degree the state of diffei entiation and the temperature gradient 
of the magma immediately prior to the intrusion of the dykes 
The table of specific gravities, whcic known, for this anangement 


is — 

Dolerites 228-2 05 

Basalts 2 68 

Monclnquite-basalts 2 78 

Monchiqiutes 2.80-2.99 

Nephehnites 3,05 


This, m itself, canies little weight as evidence 

Figure 2, drawn m conjunction with this assumption, illustrates 
the relative giam size of the constituent minerals. It is seen that 
olivine was phenocrystic thioughout, but that cooling to a greater 
degree m the uppei regions peinutted the individual ciystals in 

GRAIN SIZE TEMPERATURE 




the dolenle types to crystallize moie completely, and to attain 
larger dimensions than those in the lower, and hotter, regions of 
the column Moreover, m the upper regions the olivine has been 
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actively resorbed, while at the lnghei temperatmes of the 
“ monchiquitic layers ” ldiomoiphic outlines are retained, showing 
that resorption had not set m Resorption might be expected to 
commence with the appearance of diopsidic augite (Bowen, The 
System Foistente-Anorthite-Silica) Actually there seems to be 
a delay, and the coirosion of olivine is not appreciable until after 
the plagioclase has commenced to crystallize 

The augite was initiated as a diopsidic matenal, and had grown 
to a moderate size m the upper regions before the temperature 
of the lower part of the column had fallen sufficiently for it to 
appear there By the time it was forming m the lower regions, 
titanaugite was ciystalhzmg m the upper parts, wherever the 
titama was free to enter the pyroxene molecule Plagioclase 
commenced to crystallize soon after the appearance of titanaugite, 
and the stronger crystallizing force of the former prevented ldio- 
morpluc growth of the latter as soon as a crystal mesh was 
established 

Intrusion apparently occurred just before the augite of the 
monchiquite layer reached the titanaugite stage, but not befoie 
augites had begun to sink towards these layers Rapid cooling 
set up numerous diopsidic cores m the fluid magma, and a final 
rim of titanaugite developed before the consolidation or fieezmg 
Movement into position probably squeezed out much of the 
residual liquoi, concentrating the ciystals, but a large portion of 
the fluid, of felspathic character, congealed as glass In the 
slightly cooler “ monchiquite-basalt layer,” the pic-intrusion 
cooling had advanced sufficiently for felspar to commence to 
crystallize in increasing propoition A factor suppoitmg the view 
of mtiusion m this almost fluid state is the uniform fineness and 
ldiomorphic character of the groundmass crystals m the mon¬ 
chiquitic rocks, as opposed to the variable coarseness of the less 
basic types 

In the higher paits of the column, where crystallization had 
proceeded further, gravitational differentiation had been mcieas- 
mgly active, piobably about a mean composition of magma repre¬ 
sented by the ohvme-analute basalt, resulting in a downward 
movement of the olivine, and to a lesser extent, of augite Tn a 
few rocks even the plagioclase shows evidence of sinking The 
soda content appears to have concentiated locally m the upper 
region, quite independently of gravitational diffeientiation, 
enriching individual dykes, and may have been carried into place 
by the volatile fluxes, such as the water vapour now associated 
with it m the analcite It arrived immediately prior to complete 
consolidation, enabling a slight reaction with the pyroxene to take 
place, and producing an mtersertal distribution of the incoming 
material, 1 e, the analcification was deuteric 

There might m this manner be some comparison between the 
differentiation of the rocks forming these dykes and necks, and 
such bodies as the Garbh Eilean sill of the Shiant Isles (Walker, 
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1930), but while m the laltei case there, was a floor on which the 
sinking olivine might concentrate, the lack of floor m the magma 
chambei here postulated, 01 its abyssal situation would lead 
meiely to the remelting of the olivine as it sank to depth, and the 
consequent enrichment of the magma in magnesia and iron 
Such clots of olivine as have been found m the monchiqiutes 
fp 11) aie to be icgaicled as remnants of this “ potential layer," 
rathei than as evidence of such a layei itself 

The nephehnitc, on account of its restricted and isolated occur - 
rence, presents difficulties The early crystallization of nephelme 
with diopside indicates that the conditions peculiar to agpaitic 
differentiation (Backlund, 1932) obtained during the early period 
of differentiation In such a system nephelme and orthoclase aie 
among the first minerals to separate, and aie forced by their 
specific gravities to rise in the magma, and concentiate, at the top 
of the magma column Kranck (1928), in discussing the origin 
of the abyssal melilite lock, turjaite, showed that the crystalliza¬ 
tion of nephelme precedes that of orthoclase, the nephelme accom¬ 
panying diopside, while the appearance of oithoclase was delayed 
until the aegirme molecule commenced to crystallize strongly 
This should lead then to the nephelme concentrating in the upper¬ 
most layers, as an urtitic magma, while nephelme and orthoclase 
m decreasing amount would form the layers beneath 

Fiom the petiographic evidence of the Gippsland suite, olivine 
commenced to crystallize earlier than did nephelme, ancl was still 
crystallizing when the nephelme appeared (see Fig 2), but the 
olivine of the nephehnite is wholly phenocrystal, ancl does 
not appear m the groundmass, so that olivine had ceased to 
crystallize within the nephehte magma before extrusion caused 
consolidation This would suggest that the olivine of this upper¬ 
most layer of the magma column was sinking while the nephelme 
was rising, and that the extiusion of the nephehnite “fixed” 
the magma in this inteimediate stage of differentiation, and left 
behind a magma enriched in magnesia and somewhat impover¬ 
ished m soda Backlund writes (p 11) —“ , The 

early and sudden crystallization of felspars ancl felspathoids, 
and their strong tendency to rise m the thin but heavy lcsidual 
fluid, leads to the formation of a film at the lop of the advancing 
channel of the magma chamber m such a manner as to preclude 
an escape of gas In consequence of this, pressure (ancl tempcia- 
tuie) m the top film uses , As a result, pronounced 

rhythms of periodical culminations tend to develop, viz , intru¬ 
sions at regular intervals Meanwhile the volatiles 

accumulate ” 

The ultimate tendency is to separate the mother liquid into two 
sheet-like suites—the upper of felsic, and the lower of femic com¬ 
position, probably grading into one another It is suggested that 
the nephehnite represents the upper “ sheet ” m mid-process of 
differentiation, and that the felsitic dykes of the area represent 
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the piocess at the stage when orthoclase is concentrating m the 
upper region, paitial removal of the nephehne leaving the residual 
magma enriched m silica, which has led to the formation of 
oligoclase lathei than nephehne m the felspar “ sheet ” The 
mam suite of dykes, spasmodically enriched in analcite by fluxing 
of the alkalis by the paitially retained gases, lepresenl the femic 
'‘sheet” It is probable that the analcite-nch doleiites belong, 
as in the hypothetical column of Fig 2, to the upper pait of this 
zone, where the gas attack would be concentrated 

Temperatures 

In Fig 3, an attempt has been made to suggest the tempera¬ 
tures of formation of the various dyke types, and the minerals 
constituting them Like Fig 2, it is based on the assumption of 
differentiation within a magma chamber 

The temperatures suggested are, at best, wide approximations, 
since they are based on data for the melting points of single 
crystals (Daly, 1933) or from suggestively similar points within 
restricted systems (Bowen, 1923) The effects of fluxing or 
eutectic crystallization aie ignoied 

The olivine ciystallized out befoie the iron-cue, but later than 
the picotite Daly gives 1,580 deg C as the melting point of 
magnetite, and that of olivme as 1,360 deg-1,410 deg C, while 
forsterite is formed about 1,890 deg C It would seem that 
Daly's figure, is low, and that the olivme appeared about 1,580 
deg C + 

The mineral to crystallize after magnetite appears to have 
been nephehne (commences to ciystallize at 1,350 deg C, 
Bowen, melts at 1,370 deg C, Daly) Following closely, or 
simultaneous with it, the diopsichc augite appeared From 
Bowen's experimental data, this might be expected to coincide 
with the beginning of the resorption of olivme, at a temperature 
of about 1,370 deg C , but actually the resorption is delayed until 
the appearance of plagioclase, about 1,260 deg C (Daly, gabbros 
commence to crystallize about 1,250 deg C , Bowen, 1,260 
deg C) Daly gives the figures 1,391 cleg C, 1,310 deg C - 
1,370 deg C, and 1,185 deg C,-1,200 deg C for the meltmg 
point of artificial diopside, bronzites, and augites lespectively 
Here the diopsichc augite ciystallizes at or about 1,350 deg C, 
and titanaugite between this tempei ature and 1,250 deg C , when 
plagioclase appears, le, approximately at 1,300 deg. C-1,310 
deg C 

Then the olivme-nephelmite should have been extmded at 
about 1,310 deg C-1,350 deg C, monchiquites at about 1,260 
deg C-1,310 deg C, and monchiquite-basalls around 1,250 
deg C The analcite-olivme-dolerite, despite its ability to form 
aeginne, has done so to only a very slight degree, the probable 
prohibitive factor being consolidation Daly gives the melting 
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point of acmite as 975 deg C (natural), and 990 deg, C (arti¬ 
ficial) If aeginne is assumed to melt about tins lange, the dole rites 
should have completed solidification between 950 deg, C.-1,000 
deg C , and weie probably intruded at a tcnipeiature not gieatly 
above, 1,100 deg C The analcite-basalts, which show little or no 
sign of aeginne, must have solidified about 1,000 deg C, and 
have been inti uded at a coi i espondtngly higliei tempeiatmc, 
between 1,100 deg C-1,200 deg. C This agiecs appioximately 
with the statement of Daly, that the Clec Hill dolente (England) 
flows readily when heated to 1,070 deg C This rock is of a 
gram size intermediate between the basalts and the dolentes hei c 
described 

The felsrtic, oi trachyandesitic dykes, contain a little gieen 
hornblende, which could not have foimcd above 750 deg C 
(green hornblende changes to In own at 750 deg. C. or above, 
Kozu, Yoshiki, and Kam, 1927). Grout suggests a temperature 
of 550 deg C for the foimation of such an amphibole, luit this 
seems too low, since the remainder of the rock is enthely 
fclspathic and fine-giainecl 

Age Relations and Correlations. 

The age of these dykes and necks cannot be fixed piecisely, 
but they pre-date the major faulting of South Gippsland, and 
appear to have been intruded before the previous subsidence 
period, when the Brown Coals were deposited, which would place 
them at least as old as Older Basalt (le, Lower Oligocene) 
Their relation to the Oldei Basalts of this aiea is not yet known, 
but isolated slides of the latter have many characters in common 
with the dykes, which may represent feed channels from which 
the basalts are now eroded At Beiwick and Abeifeldy large 
anorthoclase crystals, similar to those of the Moyarra Neck, are 
found in the basalts The age of these Oldei Basalts was 
regarded formerly as Miocene, but with accumulating evidence 
as to the age of the younger Brown Coals, they are, becoming to 
be regarded to be at least as old as Lower Oligocene 

The other possibility is that the Older Basalt pound closed 
with a widespread intrusion of dykes about vaiious centres— 
one m South Gippsland, one about Bendigo, and anothei south 
of the Harcourl granitic massif The dykes of the latter centre 
intrude the Older Basalts there 

The constancy of the north-west strike throughout all these 
dyke areas is probably due to the equally constant noith-wcslerly 
stake of the Palaeozoic basement through which they have all 
penetrated 

The remarkable similarity to the smallest detail between the 
monchiquites of Gippsland, and those of Bendigo, Ballarat, 
Gorong, Greendale, Maiden, and Daylesford, m Cential Victoria, 
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is such as to convince the authoi that they must have had a 
closely similar origin, despite the absence of crmanites from the 
lattei areas They show early segregation of olivine, with 
widespiead serpentmization of that mineral, and an inclusion in 
one Bendigo dyke points to the existence of a gabbro body at 
depth The associated dykes aie camptonites, olivine-basalts, 
and some olivme-dolentes, while at Greendale theie is the olivme- 
nephelinite lefened to m this paper (p 115) It seems appaient 
that m these areas the gravity differentiation has acted alone, and 
that late-stage analcitization did not develop 

The north-west dykes of Colonsay (Mem G S Scott, 1908, 
1911), consisting of crmanites, ohvme-dolentes, a minor number 
of monchiquites, and occasional nephelme-beanng monchiquites, 
present a close parallel to the Gippsland association, both m the 
types developed, and their relative quantities In composition, 
however, the Gippsland “ crmanites if are nearer to the Palaeo¬ 
zoic crmanites of Scotland (Tyrrell, 1923, 1928), m that they 
have a high potash content They differ from both of these 
groups m their low titama content The pici ite-crinanite sill of 
the Shiant Isles (Walker, 1930) provides a fuither parallel asso¬ 
ciation, if the individual types of dyke aie legarded as represent¬ 
ing, m vStep form, the giadation there pioduced by gravity 
differentiation There again, the analcitization has been indepen¬ 
dent of the diffeientiation, and developed at a late stage (Daly, 
1933, p 398) 


Conclusions. 

A suite of dykes, with a prevalent north-westerly strike, was 
intruded into the Jurassic sediments of South Gippsland m 
Lower Ohgocene time The suite comprises trachyandesites, 
analcite-olivme-dolerites, olivmc-analcite-basalts, monchiquite- 
basalts, monchiquites, and possibly olivine-nephehnites When 
ananged m this order of increasing basicity, they exhibit 
chemical and petrological giadation into the adjacent types, and 
are consideied to have been denved from a common magma, of 
a composition about that of the ohvme-analcite basalt, mainly by 
giavity differentiation, initiating under agpaitic conditions The 
analcitization, however, developed independently, and locally, at 
a late pi e-consolidation stage, by volatile fluxing, the fluxing 
agent being probably water vapour The fluxing action on the 
alkalis was selective m favour of the soda, possibly because 
potash does not so readily enter into solution or combination with 
water vapour 

The rocks may post-date, but are probably genetically related 
to the Oldei Basalt Series The very similar monchiquite dykes 
of Central Victoria are considered to be contemporaneous with 
the Gippsland dykes, and to have had a similar origin, but m 
that area the analcitization has not been developed 
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Art VIII —Ecological Studies m Victoria Part III—Coastal 

Sand Dunes 

By R T PATTON, D Sc (Melb), DIG (Loud ), M F 
(I-Jarv), FRHS 

(With Plates VIII and IX ) 

[Read 12th July, 1934, issued separately, 22nd December, 1934] 

Coastal Dunes are a universal phenomenon, and, as remarked 
by Luftdegardh (4), they are very similar ecologically, no matter 
where found, but the species which constitute the vegetative 
cover, while being morphologically similar, may be entirely 
chffei ent taxononucally 

In all latitudes, the dune plants are subjected to the same 
environment, but the particular species present is mainly a 
matter of the floral province m which the dune finds itself This 
is well illustrated by the dunes along the Victonan coast, and the 
majonty of plants found aie closely related to typical Austialian 
genera and families 

Although we are considering the dune as an association (and 
indeed Dune Vegetation is of a special type), it must be boine in 
mind that fiom the outermost or seawards dune to the mneimost, 
there occuis a succession, both of growth forms and of species, 
so much so that theie is a greatei cliffeience between the vegeta¬ 
tion of the first and last dune than is usual between many asso¬ 
ciations, oi indeed higher units (PI VIII B, IN C ) Neverthe¬ 
less, by common consent, we take the dune vegetation as a unit, 
since the two mam factors of the environment, sand and wind, are 
the determining factors m fixing the limits of the association 
Once the sand is fixed permanently, other associations take the 
place of the coastal vegetation Thus we find that both Euca¬ 
lyptus vuninah? and its common associate, Ptendium aquihnum , 
are piesent m the area immediately succeeding where the dunes 
have been fixed, but they do not occur m the area of moving 
sand The dunes then cannot be said to have a uniform 
physiognomy, nor a constant composition, except spacially The 
composition is constant fiom front to rear, but not m any unit 
area, If we weie to take quadrats, even of very large size, they 
would give very diifenng results Neveitheless, across the 
width of the dunes the same factors of environment aie operat¬ 
ing, but their incidence steadily diminishes from front to rear, 
and at last ceases to have effect It is a peculiar feature of this 
association that the, enviionmental factors change comparatively 
rapidly As a rule, the environmental factors are uniform 
throughout an association, but here, as indicated, the uniformity 
is only in space, and not in minimum area The definition of 
Flahault and Schroter (Braun Blanquet (1)) that an association 
has definite composition, must be read m a very broad sense 



136 


R T Patton 


Umfoimity theie is, however The lecogmlion of the Dune 
Vegetation as a unit of Vegetation, and not several units, beats 
witness to the fact that it is the environment which finally 
determines the particular association and giowth forms found 
m any particular locality No one would attempt surely to 
separate Dune Vegetation into its two extreme constituent pails 
Giassland and Forest (PI VIIL B, IX C), which aie distinctive 
enough There is heie fiom fiisl to last a stiuggle foi existence 
The sand dune is m a hostile area (PI IX A), and on the outer¬ 
most dune the, hostile forces of the environment, advancing from 
the sea, meet the outposts of vegetation advancing from the land 
(PI IX B ) The moving sand, derived fiom the disintegiation 
of rocks by the constant action of the sea, is finally arrested, and 
the vegetation makes a complete canopy (PI VIIT B) 

Although we pass from glass to trees in the succession, the' 
change is due to the modification of the unfavoiahle elements, 
moving sand and wind, by the vegetation itself This feature 
compels one to keep dissimilar elements, grass and tiecs, logethei 
m the one association In other areas, where tices or sluubs 
abruptly succeeded giassland (PI VIII C), one would natuially 
expect a matenal change m the enviionment 

Environment is the primary cause of plant associations whose 
distinctive features are due to the growth forms occmrmg m 
them Hence classification of associations to be truly scientific 
must ultimately rest on the cause or effect, i e , on eithei the 
environment or growth forms Lmnean species, as such, 1 client 
into the background as a basis of classification Indeed, it can 
be shown that Lmnean species themselves are paitly the outcome 
of the environment The members of diverse associations may 
be related taxononucally, but wholly unrelated ecologically Thus 
the dunes along the Victorian coast hear the genera Helichrysum , 
Oleanci, Scnccio, Lcptospcrmum } Acacia , and Baviksia , as may 
the adjacent heath lands, but the two associations are not related 
ecologically It merely lllustiatcs the fact that the composition 
of any particular association is due to the general floral composi¬ 
tion of the land m which it finds itself. Thus we shall see that 
the sand dune flora, which essentially is characteristic, yet is 
taxonomically connected with other widely dtfleimg associations. 
Change or variation is an inherent quality of life and, tluough 
this, forms are evolved which giadually coknu/e new land areas 
capable of sustaining plant growth 

The dune, since it is new land, is populated by a pioneer 
vegetation This is the same m all climates, and it is of interest 
to note the families and genera that contiibute to these pioneeis 
It may be concluded, since those families and genera, constituting 
the settled and stable communities m the hinterland, give rise to 
the population of the adverse aiea, that evolution and environ¬ 
ment are closely associated Not all evolution is a response to 
environment, but the latter is a contributing factor 
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In a pioneer vegetation, but few forms are to be found The 
limit of variation lias to be, stretched wide, hence few occur 
The more favorable a locality, generally the greater is the numbei 
of species The Fern Gully may be legalded as an exception, 
but it is an association far removed from its chief source of 
•development The front rank of the dune association is essen¬ 
tially composed of pioneers, which stand, not m close proximity 
(PI IX C), but far removed from one another Conditions of 
life are hard, and the struggle against the destructive forces of 
inanimate nature is severe. Stiuggle for existence goes on m 
two directions, firstly, against similar individuals, m which 
thousands perish for each suivivor which is moie or less perfect; 
secondly, against the destructive forces of nature They survive 
only because they rise superior to their surroundings 

Dunes exist extensively along our coast, but although the same 
foices are operating, they differ appreciably both as to their 
degree and extent of development They may be only a few 
yards wide or, as at Tar win Meadows, may be hundreds of 
yards wide All stages of development are met, there may be 
only fragmentary parts of the typical dune vegetation, or there 
may be complete development, from free saifd to complete cover, 
as at Lakes Entrance While attention has been given to the 
dunes at various points along the coast, the occurrences at Lakes 
Entrance have been most closely studied 

The Habitat. 

A Sand 

Were it not for the constant action of the wind the sand would 
be very readily settled by vegetation In the dune the moving 
sand has to be arrested effectively before satisfactory colonization 
•can finally take place The sand is composed chiefly of silicon 
dioxide, but m the vicinity of rocky headlands, as along Phillip 
Island, where both seawee,ds and shell fish are abundant, both the 
■organic and calcareous content may be high and conspicuous to 
the naked eye Neither of these constituents, however, affects 
the vegetation of the dunes They are broken down into frag¬ 
ments as .small as .sand, and physically behave as such In other 
areas, as along the Ninety Mile beach, both the organic and 
-calcareous content are low Any chemical or other effect that 
such constituents might have m other associations is lost here, 
since the physical environment is of greater consequence Even¬ 
ness of size of particle is an outstanding character Darbishire (2) 
gives the size of grams in the dunes investigated by him as 
between 0 2 and 0 4 mm, while Warming (10) states that the 
grains generally average ■£ mm In. Table, I is given a series of 
analyses of material taken from dunes along the Victorian coast, 
and for comparison analyses of drift sand from the Victorian 
Mallee and of dune . sand collected by the author in the 
Northern Sahara, m the vicinity of Biskra,. Algeria, are 
Included The sizes of the fractions are given in inches 
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Table I—Mechanical Analyses of Sand Dune Material- 


Percental of Fractions—Inch 


Locality 

1/10 to 
3/20 

1 

1/20 to ! 
1/40 

1/40 to 
l/«0 

1/00 to 
i/ao 

i/ao to 
1/100 

Loss than- 
1/100 

Phillip Island 


1 14: 

48 50 

46 00 

4*20 

04 

Taiwm Meadows 


07 

13 25 

60 75 

23 50 

2 17 

Brighton Beach 

OS 

11 

27 33 

62 66 

8 50 

95 

Lakes Entrance 


11 20, 

81 01 

7 45 

29 


Mallee Drift 

01 

22 20 

50 31 

12 22 

5 80 

9 41 

Sahara 


95 

21 00 

50 00 

20 00 

8 05 


It will be noted that a high percentage of the grains lies 
between 1-40 (06 mm app ) and 1-80 in (03 mm app ) The 
lower limit is m agreement with those of Dai bishire and Wann¬ 
ing The giams are not stnctly spheiical, but aie more or less 
ellipsoid or ovoid as indicated by Darbishire (2) The similarity 
m the size of sand grains constituting dunes m various parts of 
the world suggests that the forces forming them are similai, It 
has been found by Vagclci (9) that there, is a relationship 
between strength of wind and size of sand paitides moved, 
expressed m the equation 

y = 0268 , 1 '/ 

where y == diameter of particle in mm , and r = wind velocity in 
metres per sec For a particle 0 5 mm in diameter, which closely 
corresponds to 1-50 in, this formula would give a value of 6 46 
mm per sec , or slightly more than 14 miles per hour Experi¬ 
ments with the fraction 1-40-1-60 m showed that the grains just 
moved m a wind speed of 12 miles per hour, hut moved freely 
at 15 miles pei hour, which agrees with the value obtained from 
the foimula It has been shown by Stevenson and by Heilman, 
quoted by Lundegardh (4), that wind velocity is greatly lelarded 
by the earth’s sui face, and that the wind velocity steadily 
increases upwards Thus, to quote Lundegardh, the force at 
0 05 m and 0 5 m is as 1 1 9, that is neaily twice as great at hal f 
a metre above the surface, a strength, then, which will just 
move sand, must be blowing m the shrub phase at about 30 miles 
per hour A wind with sufficient velocity to move the sand 
grams only occasionally blows, and therefore sand movement is 
irregular It will be found on examination of sections of dunes 
that they are built up intermittently, and not continuously 

B, Moisture, 

Tt would appear from some writers on sand dunes that drought 
is a feature of the habitat, and that rbe xeromorphic character 
of dune vegetation is the outcome of the xerophytic conditions 
there existing (Schimper (6) ), Darbishire (2), on the other 
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hand, quotes Swellengrebel as stating that the lower layers of 
the dunes are tolerably moist The moisture content of these 
layers he believes to be undei the influence of the ground water 
This may be liue for veiy shallow dunes, but m high dunes, such 
as occur at Tanvm Meadows, this cannot be so The roots of 
Spimfev hirsutus have been traced down 6 feet, but ground water 
is not found at that depth The dampness of the deeper layeis is 
due entirely to the percolation of ram water In contiast to 
other associations, no ram water is lost in run-off, and very little 
in evaporation, for practically all the lam that falls passes into 
the soil Experiments with percolation of water through dune 
material show that an inch of water penetiates on the average 
3 3 inches into the sand, so that a rainfall of 30 inches would sink 
8 ft 3 m However, the depth to which this amount of water 
actually penetrates is much greater than this The depth to 
which water will percolate is governed not only by the chaiacter 
of the soil paitides, but also by the depth of the moist sand 
itself When the water has sunk to a certain depth, it exerts 
a downward pull on the upper poition of the water column, and 
theiefoie less watei is held m the upper layers of soil than when 
only a few inches are piesent The high percentage in the upper 
layers of the soil can no longei be held by the sand giams against 
the force of gravity, and theiefore the water-holding capacity of 
the upper layers vanes with the depth to which the moisture has 
penetrated The expci iment of adding small and laige quantities 
of water to long columns of dune sand, arranged so as to pemnt 
of drainage from the bottom, showed that after equal intervals 
of time the amount of moisture of the upper 2 inches in the shoit 
moistened section was always much greater than that of the 
upper 2 inches of the long moistened column After standing 
foi 24 hours, it has been found that the ratio of moisture in the 
short moistened section to that of a similar length from the com¬ 
pletely moistened column aveiaged 59 1 Furthermore, if a 
long column he completely saturated, and then left to drain, 
evaporation fiom the uppei surface being guarded against, theie 
is, as long as the expeiiment he conducted, a veiy great difference 
m the moistuie content between the uppei and lowei poilions of 
tlv column, This has been extensively studied by King (3) 

Size of soil particle and depth to which the moisture penetrates 
are not the only factors, for time is also a factor m determining 
the amount of water m the upper layers Hence the usual 
determination of water-holding capacity of soils has no real 
ecological significance In Table II are given the moisture con¬ 
tents of the upper 2 inches of sand columns 73 cm long and 2 3 
cm, m diameter, the columns being first saturated, and then left 
to drain for varying lengths of time, the first measurement being 
taken after dripping at the bottom had actively ceased 
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Table IT—Moisture Content of Upper 2 inches of a 
Saturvted Sand Column Left to Drain por Times Given 


Timo 

Pci cent ago of 
Main! uie 


0 

o 

8 hours 

5 <> 

24 hours 

3 8 

48 houis 

3 0 

15 days 

2 8 


The depth of the moisture available for plants 111 the, dunes is 
thus veiy variable, depending not only upon the above factors, 
but also upon the amount of sand that has been added to 01 
removed from the area by the wind Along the Victonan coast 
it rarely happens that the plants are m need of water, but m the 
year 1923 the water content had reached an amount too low for 
the needs of these plants, and wilting occurred extensively The 
lainfall for the six months, November to April, for 1922-23, as 
well as the average for these months, is given m Table III 


Table III— Comparison oe Average Monthly Rainfall of 
Melbourne with that of 1922-23 


Month 

Actual Rainfall 

Avwage 06 Yearn 


Points 

Points 

1922— 



November 

105 

224 

Decern be i 

202 

232 

1923— 



January .. 

99 

188 

Febtuaiy 

61 

170 

March 

*33 

223 

April 

0 

223 


It has been repeatedly found that the dunes are constantly 
moist a short distance beneath the surface, and during the early 
part of 1934 a series of investigations was made to ascertain the 
moisture content, the lesults of which are given in Table IV At 
Melbourne and Cowe,s (a few miles from Cape Woolamai), the 
rainfall for February and March was below normal, and condi¬ 
tions were favorable for a low moisture content of the soil At 
Lakes Entrance the rainfall was well above normal. The 
samples were all taken from the highest point of the dunes; those 
at Woolamai being taken at an elevation of 100 feet. 
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Table IV—Moisture Content at Various Depths of Sand 

Dunes 


Locality 

Bate 

Moisture Content 

Surface 

6 In 

12 In 

IS In ; 

24 In 

30 In 

Lakes Entrance 

5 2 34 


2 06 


2 85 


a 12 

Brighton Beach 

14 3 34 

Trace 

1 06 

I 26 




Cape Woolamai 

17 3 34 

0 33 

1 44 

2 23 

2 4 



Lakes Entrance 

2 4.34 


2 7 


2 3 ! 


2 9 


The percentage of moisture m the dunes appears to be very 
low, but germination expenments with wheat and mustard 
showed that these seeds can germinate m dune sand with as low 
a moisture content as 1 per cent, and fiom this it may be assumed 
that the amounts of moisture given m Table IV aie geneially 
sufficient for the growth of plants 

The rapid entry of lam watei and its continuous move¬ 
ment downwards are both important factors in the conservation 
of moisture, but equally important are the new layers of dry 
sand blown over the moistened aiea Usually wind is a desic¬ 
cating agent, but on the dune it acts as a conseivcr of moisture 
by adding the sand mulch How effective is the retaidation by 
a diy sand layei of water loss from damp dune sand can be seen 
from Fig 1, where the losses from bate surface are contiasted 
with similar surfaces coveted by 1, 2, and 3 cm of dry sand 
respectively 



It is probable that with all the factors operating for the conser¬ 
vation of moisture, the evaporation loss is surprisingly small 
This, together with the uniform distribution of ram (Table V ) 
throughout the year, indicates that there is normally no scarcity 
of moisture at the roots, and therefore the habitat, m so far as 
the soil is concerned, is m no way xerophytic 
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Table V—Distribution of Rain Throughout hie Year for 


Stations along the Victorian Coast 
(R am rerouted in points, 100 points 1 nub ) 


Station 

January 1 

■s 

pR 

•s 

a 

g 

a 

vrj 

a 

June 

t 

§ 

Eli 

£> 

September 

O 

O 

LW 

l 

k 

o 

^Lj 

' December 

Average 

Annual 

Portland 

136 

138 

163 

264 

371 

412 

422 

417 

347 

281 

394 

180 

3325 

Cowes 

Lakes 

182 

154 

251 

261 

238 

320 

275 

287 

280 

258 

220 

213 

; 2989 

Entrance 

258 

174 

262 

223 

217 

231 

234 

181 

243 

293 

200 

1 

243 

2708 


Although the dunes are m close proximity to the sea, the salt 
content of the, dune is very low and negligible from an osmotic 
point of view The contrary view was held by Sclumper (C), but 
Wanning (10) and Dai bishire (2) have found the same condition, 
so that it may be taken as a feature of environment that the watei 
m the, sand dune has no osmotically ecological significance liven 
if salt were present, its solubility and the ready percolation of 
water would cause the salt to be earned far down out of the 
region of the roots 


C Dune Building 

It is only on the outer dune that vSand is fiec to move The 
distance, however, from the high-tide level to the arrest of the 
sand differs enormously At Sydenham Inlet, the dunes are 
densely clothed but a few yards from high tide, while at Tarwtn 
Meadows there aie some hundreds of yards between these two 
points The reasons for these differences are probably that the 
amount of material produced is more, at some points than at 
others, and also that the conditions favouring accumulation vary. 
In this latter connection, land of low elevation extending for a 
consideiable distance inland is more favorable for extensive sand 
accumulation than where rising ground exists. The narrowness 
of dunes, on the other hand, may he due to the destructive force 
of wind, or to the encroachment of the sea upon the land Dunes 
are not built continuously and gradually, hut lather by lay cm s, 
since wind action is not constant In breached dunes the succes¬ 
sive layers may he seen There aie two sand-fixing agents, 
water and plants Water has a binding action, and holds the 
dunes against the destructive force of the wind It is the only 
binding force on the plantless dunes A moisture content of 

1 per cent, holds the sand grains together only feebly, but at 

2 per cent the cohesive force is very manifest Examples of 
this are best seen near Cape, Woolamai, where the dunes are 100 
feet high, and quite devoid of vegetation Excavations along the 
sides of these show how moist they are 




Coastal Sand Dunes 


143 


Plants act m a twofold mannet The aenal portions aie a 
dnect obstacle m the path of the moving sand, and the paitides 
are arrested This action is important in the building of the 
dune The roots do not assist m the building, but are resistant 
to the destructive action of the wind On the lee side of the dune 
the sand conies to lest at an angle of 32 deg to the horizontal 
This value has been taken from measurements at Wilson’s Pro¬ 
montory, Lakes Entrance, and Sydenham Inlet This angle of 
rest is usually found only at the inner face of the first dune, 
which is sparsely coveied with vegetation, since the rapid deposi¬ 
tion of sand makes it difficult for plants to establish themselves 

On the outer face of the first dune the angle of inclination is 
very variable, being fiequently higher than the angle of lest, due 
to the holding action of roots of Spimfex hirsuties These roots 
are long and slender, and bear very short laterals The com¬ 
bined action of these is to resist the destructive action of wind 
Measurements of Spinifex-fixed dunes at Lakes Entrance gave 
an aveiage value of 49 deg for the outer face, while at Wilson’s 
Promontory the outei face m many cases was almost vertical 

Composition,, 

It has alieady been lemarked that a pioneet vegetation must 
be diawn fiom those families and genera inhabiting the nearby 
vegetated aieas In habitats so widely different, it is obvious 
that but few species could occur m both It is tiue that some do, 
but they occupy but a minor place m the vegetation The 
authoi prefcis to call such forms <r versatile wides ” since their 
distribution is not controlled by any particular set of ecological 
conditions On the sand dunes are found such accommodating 
foims as Pelargonium australc and Acaena Sanguis orb a , but they 
are not conspicuous The dune vegetation is very distinctive, 
and is foimed of characteristically liltoial species Theie is a 
close relationship, although natuially a pioneer settlement is 
sparse as regards number of species present, with the adjacent 
heathland floor, which has been called Cheltenham flora (5) In 
fact, some of the, heathland consists of old dunes (5). The 
reason why the dune flora, with the exception of Leptospermum 
laevigatum, remains close to the sea, and does not move inland, 
is probably due to the change in the soil conditions The leaves 
of the dune vegetation aie laige (see Table VII ) compared 
with the heath vegetation 

The composition m so far as the larger Dicotyledons are con¬ 
cerned, is essentially Australian, the, characteristic genera being 
found m other typical Australian associations 

In Table VI are given the commonly occurring species found 
on the dunes A feature of this association is that there are no 
dominants, for in each phase the members are of almost equal 
height 
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Table VI—Species Occurring on Sand Dunes in Vkiorjv 

I —MONCKOn I FDONAL 
Graimneae—Spimftx lut stilus (V C ) 

Fesluca liltoiahs (C ) 

C^peiaccac—-Lepidospernu gbuhiitus (F ) 

Sen pus liodosiifa (F ) 

(1 —Die oiylmkinaj 
Auhichlamydcac 

Pioleaceac—Banksia mtegrifoha (V C ) 

Polygonaceac—Muchleubcckw adpressa (F ), 

Chenopodiaceae—Rhagocli.i baccata (C ) 

Aizoaceae—Mcsembrianthemiim aeqmlatei ale (U) 

Ranvmculaccae—Clematis microphylla (C ). 

Rosaceae—Acaena Sangmsorba (F ) 

Legummosae—Acacia Sophoiae (V C) 

Geramaceae—Pelargonium australe (F ) 

Myrtaceae—Leptospermum laevigatum (VC) 

Mctachlamydeac 

Fpacridaceae—Leucopogon parviOorus (CO 
Apocynaceae—Alyxia lnixifolia (C ) 

Mvoporaceae—Myoporum insulate (VC) 

Goodeniaceae—Scaevola calendulacea (RR ) 

Compositae—Oleana axillaiis (VC) 

Heliclirysinn cmereum (VC) 

Calocephalus Browun (C ) 

Senecio spathulatus (C ) 

V C — very common, C = common, F, = frequent, R.R = lathei iarc. 
It will be seen that the families and geneia so conspicuous on 
the adjacent heath lands, Proteaceae (Banksia), Legummosae 
(Acacia), Myrtaceae ( Leptospermum), Epacndaceae ( Lento ~ 
pogon), Compositae (Oleana), aie found here However, no 
commonly occurring characteristic species, with the exception of 
Leptospermum laevigatum, is common to both associations. It 
has already been pointed out that species as Acacna Sanguisorba , 
which are very subordinate members, are found also m other 
widely differing associations They aie capable of existing 
under very diverse envnonments. Such species are capable of 
being Wides m the sense of Willis (11) Theie is a connexion, 
too, with the Fern Gully Association in the families Compositae 
( Oleana) , Legummosae (Acacia) , Ranunculaceac (Clcmah s') , 
and Apocynaceae The last family is mostly tropical, but is repre¬ 
sented here by two geneia, each with one spcciCvS 

The pioneers of this new land are Iherefore derived from the 
adjacent vegetation However, since no species except one is 
common, it may be taken that a long time has elapsed since they 
first arose Their lack of spread is an argument against 
Willis's (11) Theory of Age and Area, in so fai as time only is 
concerned The theory is tiue m a geneial way, but the con¬ 
fining of a species to a particular area is not necessarily because 
it is new born, nor because of any physical banier to its spread, 
but possibly because of the dissimilarity of ecological conditions 
The characteristic dune species are ecologically spot-hound 
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One family of mleiest ib Myoporaceae, which has a great 
development m the Mallee Veiy frequently Casuanna stricta 
is found on the innermost dunes, and this tree is also a versatile 
wide. 

Succession. 

It has already been noted that the vegetation on this narrow 
stup along the coast, from outeimost to innermost dune, is very 
diverse, and in other areas would be divided into separate asso¬ 
ciations, but here the same set of factors, wind and sand, 
opeiate, modified by the inteifeience of the pioneers The 
steady arrest of the moving sand is associated with a number of 
other changes, and the sequence of these changes is known as 
Succession 

The outermost dune is usually sparingly covered with 
Spimfex, with which a . few other plants are sparsely associated 
In PI IX , C, is shown an outermost dune at Lakes Entrance, 
where Spimfex Jnrsutus is the chief species, but both Senecio 
spathulatus and Calocephalus Brozvmi are also sparingly present 
Occasionally Fcstuca httoialis is met with The binding action of 
the roots and rhizomes, and the accumulative action of the leaves 
steadily bung about more stable conditions At Lakes Enhance, 
Spimfex is abundant on the outei part of the second dune, but 
here low, extensive, prostrate masses of the so-called Acacia 
Sophorac effectively piotect the soil (PI VIII C ) This Acacia 
is m all probability but a biotype of Acacia longifoha which 
occuts m the rearmost dunes It may, however, be merely a 
habitat foim of the latter At Lakes Entrance probably the 
most extreme forms of it occur The phyllodes are exceedingly 
thick (Fig 3 ) and broad This Acacia sends out widely spread¬ 
ing horizontal loots, which are close to the surface, and may be 
exposed by the wind On the underside of these, secondary 
roots occur, which grow downwards On these, nodules of 
Baulins radicicola are abundantly produced In this spreading 
mass of the Acacia, plants of other species, particularly Oleana 
axillaris, are found The Acacia marks the end of the Spimfex 
phase ( PI. Vfll C ) and the commencement of the sciub phase, 
which is compOvSed, m addition to the two species just mentioned, 
of Hchchrysum cine ream and Scaevola calendulacca , which may 
also form extensive prostiate masses With these may be asso¬ 
ciated smaller plants as Acaena Sanguisorba, Pelargonium aus - 
Irale, and Mcsemlmanthemum cequilaterale These latter are 
infrequent, and never affect the physiognomy There is a 
marked difference here between these two successive stages The 
vegetation is higher, and covers considerably more than half the 
surface of the soil In the scale suggested by Braun Blanquet (1) 
the plant cover (Deckungsgrad), on the outeimost dune being 
less than 5 per cent has a numerical value of 1, while m the 
shrub or second phase (PI VIII, D) the area of soil covered is 
between 50 per cent and 75 per cent., and to this the value 4 is 
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given The change is very abrupt, as can he seen m PI VIII , C. 
On the innermost dune (PI VIII , B ) the dcgiee of soil coveting 
is complete, and this has the numerical value of 5 Tn this last 
phase, shiubs are teplaced by small Itees, and associated with 
these are both banes and paiasites The tiec species aie JUnikwia 
integnfoha, Myoponim m^ularc, Lcptospcrmtmi lacmgatum . and 
with these are associated the tall shiubs Alyna bun folia and 


Phase I 

Phase IT 

Phase n i 

Senecw spath a la tu? 
CalocephalasBfownu 
Spimfex hirmtub 
Festuca Uttoralis 

Acacia Sophorac 

Ghana axillaris 
llehchrysum citweum 

Bcaevola calcndulacea 

Myoponim ms aim q. 

Banlsia integnfoha 

OU mails mic t oph glia 

Acaerta Aangmsm ba 

Pelargonium australe 

Spmijex hirsutas. 

Lvpto s pei m a m 
her a fata m 
Myopm nvi 
visa lav 
Banlrna 
integnfoha 
'I lyxia 
Inijcifoha 
Leucopogon 
parvifloi iis 
Clematis 
miciophylla 

phase: x 

GRASS 

phase: it 

SHRUBS 

phase: it 

TREES 



DISTANCE m CHAINS 

Fig 2—Variation in the soil acidity front front to rear of the sand dunes 

Leucopogon parvtflorus The degree of soil covei is so gieat—- 
denser than any other local association, except possibly the Fern 
Gully—that there is an accumulation of raw humus This is 
unusual m warm temperate climates. The dampness is shown by 
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the presence of species of Biyophyta The soil may be dis¬ 
coloured for several inches, due to the accumulation of plant 
debris The slowness of decomposition of the leaves may be due 
to the thickness of the cuticle (Fig 3) No such accumulation, 
however, occurs on the adjoining heathlands, for here the mate¬ 
rial is quickly decomposed 

The presence of the tree phase gives opportunity for other life 
forms to occur, such as banes, but only one, Clematis microphylla , 
is commonly met with Occasionally another bane, Muehlen- 
bcckia adpressa, also occurs In this phase phanerogamous para¬ 
sites make their appearance, being repiesented by a species of 
Loranthaceae 

The succession above ground, life forms, species, height of 
phases, degree of soil cover, fixation of sand, accumulation of 
litter, is also associated with a succession as regards soil acidity 
This is to be expected, since m the foremost dunes shell fragments 
occur, and m the innermost dunes plant remains are accumulat¬ 
ing In Fig 2 are given two graphs of the pH values, 
ascertained by the Hellige Compaiator, fiom front to rear of the 
dunes, one series of soil samples being taken at legular intervals 
of a chain, and the othei being taken from front, top, and rear 
of each dune respectively 

Morphology. 

The leaves of the dune plants are essentially xeromorphic 
(xeiomorphy being defined as by Thoday (8)), but it cannot be 
contended on that account that the plants are xerophytic, since 
theie is usually no deficiency of water for deeply penetrating 
roots Although there is sufficient soil water, the strong winds 
provide a powerful desiccating force Hence the xeromorphy 
must lie ascribed to this cause The xeromorphy extends right 
through the succession, those leaves occurring m the more favor¬ 
able situation behind the third dune are just as xeromorphic 
Theie are some, truly mesomorphic leaves, as those of Acaena 
Sanguisorba, Pelargonium australe, and Clematis microphylla, 
but these plants occur m sheltered places, and are not exposed to 
the wind. 

The xeromorphy of the leaves does not expiess itself in any 
particular direction, for we find that there is no uniformity as 
regards the leaf m (1) size, (2) structure, (3) cuticle, (4)r 
disposition or number of stomata, (5) moisture content 

Size of Leaf 

Size is very variable, ranging from the leptophyll of Caloce - 
phalus Brozmii to the microphyll of Banksia mtegnfoha In 
Table VII is given the percentage of leaf sizes according to 
Raunkaier (7) for the dunes at Lakes Entrance The monocoty¬ 
ledons are excluded, as Raunkaier's system is not applicable to 
these 
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Table VII— Lev* Stze Ot \ssfs oi« Dune Ym.kiviion w 
Lakes T£nirange 

Pci cent 

Leptophvll 20 

Nanophyll 33 

Mtcrophyll . 47 

It is siupusmg to find so high a percentage of mtnophyllous 
leaves, for m adjacent heath floia only one niiciophyll ts louinl. 
On the other hand, m the heath floia, lcpto])hyllous leaves aie 
abundant (S), while in the dune vegetation they foim only 20 
per cent , and these are all species of Compositae, confined to 
the first and second dunes 


Structure 


The leaf types, so fai as the airangcment and development of 
tissues are concerned, may readily fall into three classes— 
normal, isohdateral, and succulent 


A C 



r, 8 3 


Fig 3 —Section of leaves of Dune 
Vegetation (A) Alyrui biiM- 
foha, (K) Senecio spathulatus, 
(C) Acacia Sophorae (section 
of leaf from exposed position) 


(a) Normal —The normal type 
(Fig, 3 A) has palisade cells on the 
uppei side, a well developed spongy 
niesophyll below, and stomata con¬ 
fined to the lower surface. These 
leaves are placed honzontally, and 
function as ordinary mesophyllous 
loaves The spongy mesophylt is 
paiticularly well developed, and 
the air spaces are abundant This 
type is repiesented by Bankna 
wtegryfolia, Alyxxa huvifolia , and 
Ole ana avtllans, 

( b ) Isobilatcral —-The phyllode 
of Acacia Sophorae has almost 
identical structure with the true 
leaves oL Myoporum msularc and 
Lcptosperiuum laevigatum (Fig 
3, c). In these oigans the pali¬ 
sade occuts on both surfaces, and 
stomata occur on both also The 
association of stomata with pali¬ 
sade is an inversion of the normal 
structure Thcte is no spongy 
niesophyll, and the tissue between 
the outside layets of palisade is 
thm-walled and devoid of chloro¬ 
phyll This tiSvSue is pith-like m 
character The leaves of this type 
are not horizontal, but are more or 
less vertical In Acacta the leaves 
are held strictly upright. 
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(c) Succulent —There is a gieatei \anety heie than m the 
other two types, hut the modifications are all m the direction, 
of dispensing with normal cell arrangement and of .conversion 
of all tissues to watei storage The family Aizoaceae is repre¬ 
sented by Mesembnanthemum acquilateralc and Tctragona 
implcxicoma , m the latter even the epidermal cells are converted 
into watei vesicles Also the family Chenopodiaceae, which 
contains many succulents, is represented heie by Rhagodia 
baccata Of more interest, however, is Senecio spathulatus 
(Fig 3, n), which occurs on the outermost dune, and Scaevola 
calendulacca In these two latter, palisade tissue is non-existent, 
and there is no normal spongy mesophyll The cells are thm- 
walled, and air spaces are fairly plentiful Stomata occui on 
both sui faces Chlorophyll may occur right through the leaf, 
but it is not concentrated m particular layers as in the first two 
types 

Cuticle 

The xeromorphy expresses itself particulaily m regaid to the 
development of the cuticle This leaches its greatest development 
m Acacia Sophoac , wheie it occuis on the exposed paits of the 
second dune These measuiements of the cuticles, given in 
Table VIII , aie taken from leaves collected at Lakes Entrance 
It is of mteiest to note that all of the species occurring m the 
sheltei of the thud dune have well-developed cuticles 

Table VIII — Thickness of Cuticle of Leaves of Sand Dune 


Plants 

Microns ( fi ) 


Acacia Sophorae 

18 6 

Alyxia buxifolia 

15 2 

Oleana axillaris 

15 0 

Banksia mtegri folia 

136 

Myoporum insulare 

13 0 

Leptospei mum laevigatum 

12 2 

Senecio spathulalus 

9 6 

Spunfex hirsutus 

8 0 


Stomata. 

Mostly the stomata are sunk beneath the level of the cuticle, 
and this fact, together with the thickness of the cuticle, may be 
regarded as protection against excessive transpiration The 
number of stomata per sq mm is, on the, whole, only moderate 
A feature of the association is the number of plants that have 
stomata on both surfaces Since the stomata are sunken, and 
since they do not abut on spongy mesophyll where diffusion 
readily takes place, and also since the leaves are thick, or very 
thick, stomata are probably necessary on both surfaces in order 
to fulfil the ordinary functions of a plant To have stomata on 
both surfaces gives double the efficiency However, it must be 



150 


R T P ait on 


emphasized that as icgaiels number of stomata per unit aiea, 
comparisons between an oidmaiy mesophylic dmsivential leaf 
and a xeromoiphic leaf, such as oectu heie, aie of vei\ little 
value, since othei si rut t tires of the leaves aie so widely rlilleront. 
The number of stomata pel sq mm is given foi the dune plants 
m Table IX 


Table IX—Number of Stomata per sq mm on Li? auk of 
S\ni> Dijnt Plants 


Loaf Type 

Sped us 

A\erngo Rmnlu r on 
Each Surface 

Normal 

Alyxia buxifoha 

lf>2 - 

0 


Acacia Sopliorae 

138 - 

138 

Isobilateial 

Jjeptospei mum laemgatum 

122 — 

58 


Myoporum tnMilare 

Of) — 

09 

Succulent 

tieneno spathuhitus 

09 - 

09 


ftca&vola cabndulacea 

82 — 

48 


Further it may be remarked that the numbci of stomata pci 
unit area cannot be ascertained fiom such plants as S pint] ex 
hirsutus, where the stomata are set m giooves, nor fiom Banksut 
mtcgnfoha, , because the stomata are not umfoimly distributed 
over the, leaf, but aie localized between broad scleienchymatom 
strands Where the veins are excessive, there cannot be any 
effective measuie of the number of stomata per sq. mm, but 
some laiger unit is needed In other words the sq mm is too 
small a unit for leaves that have a great number of veins It 
is of interest to note that Acacia melanoxylon , found m the Fem 
Gully, averages 307 stomata per sq mm on each surface of the 
phyllode 

Moisture Content. 

It is natural to expect that sclcrenchymatous leaves would 
necessarily contain a low amount of water. It has already been 
shown (5) that the moisture content of the heath plants, which 
are true xeropilytes, is low These leaves are generally xeio- 
morphic and sclerenchymatous Tf we consider stmilai leaves 
here, we find also a low average content of the loaves, namely, 
163 pei cent, calculated to the dry weight 
Leaves such as those of Myopornm insularc , which aie xero- 
morphic and coriaceous, have a high moistuic content, and such 
leaves might almost be classed as semi-succulent 

The true succulents— Senccio spathnlatu?, Scacvola ealendu - 
lacea , and Tetragona implexicoma , have a veiy high moisture 
content 

In Table X are given the moisture contents, calculated to dry- 
weight, of typical dune plants 
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Table X— Moisture Content of the Leaves of Dune 
Plants given as a percentage of Dry Weight 


Hdichrysum cmereum 

118 

Leplospeimum laevigatum 

121 

Banksia mtegufolia 

129 

Alyxia buxi folia 

165 

Spimfex hirsutus 

184 

Acacia Sophorae 

275 

Myoporum msulare 

408 

Scaevola calendulacea 

635 

Senecio spathulatus 

683 

Rhagodia baccata 

756 

Tetragoma unplexicoma 

1,040 

Mesembnanthemum aequilaterale 

1,338 


Adaptation to Environment. 

Warming (10) has given certain adaptations of plants giowing 
on sand, and these m pait are the case here Spimfex hirsutus 
has long runners (PI IX B ), m cases up to 20 feel, but 
normally the moving sand does not permit unrestricted develop¬ 
ment These runners are facultative lhizomes, for when buried 
the runner functions as a rhizome, and sends up shoots Acacia 
SophoraCj which is the immediate successor to Spimfex hirsutus, 
has also prostiate shoots which loot at intervals This is an 
unusual character foi the genus Acacia This habit enables the 
Acacia to form large masses (PI VIII C ) 

Another adaptation given by Waimmg is that of tufted habit, 
which is exemplified by Scnetio spathulatus 

Han mess is not an outstanding chaiacter, for it occurs on but a 
few plants Glabrousness is moie common Senccio spaihulatus 
is quite glabrous, and this occurs (PI IX C ) side by side with 
the veiy hirsute Spimjcx hirsutus The leaves of the shrubby 
Composites ate hairy underneath, as aie also those of Banksia 
intcijrifoha The cushion plant, Culoi ephalus Brownn , exhibits 
the extreme case of hairiness 

Succulence occuis only to a minor extent The extremely 
succulent members of Aizoaceae are not very frequent Instead 
of succulence, sclerophylly is more often the case both m the 
foiemosl and last dunes Succulence and sclerophylly are found 
side by side in Scnecto spaihulatus and Spimfex hirsutus 

As a possibly important factor in the vegetation, light might 
he considered There is a powerful reflection from the glistening 
white, sand, particularly on the first dune and the outeiside of 
the second dune It cannot be said, however, that there is any 
particular adaptation against it As soon as vegetation covers 
the sand, this factor ceases to be of importance, yet the morpho¬ 
logical characters of the vegetation persist 
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The outstanding example of adaptation to cnvnonment is to 
be found m Spimfcx Inrsutus Its whole organization is a 
marked series of adaptations This plant grows on the exposed 
outer dune, and its life is spent in one long continuous stiuggle 
with adverse conditions It is the ultimate victm in the suppres¬ 
sion of the destiuctive foiccs, hut at times it sulTeis defeat and 
desti action 

In its habit of looting, each node sending down a few long 
sparsely branched loots, it not only obtains a ions Unit supply of 
moistuie, but (PI IX A ) binds the sand togetliei against 
erosion by wind These loots, even when dead, still have binding 
power The 1 tinners when buried send up shoots to the new 
surface, and shoots and rhizome combined assist the roots in 
sand binding Another adaptation is to he found m the fact 
that the stomata occur m gioovcs on the upper siufacc of the 
leaf which is mostly mrolled In addition to the hanmess, there 
is a cuticle When the leaf is mrolled the stomata are no longer 
exposed to the air, and thus transpnation is restricted In addi¬ 
tion, cuticle and hairy covering prevent cuticular tianspiratum 
The plants are dioecious, and thetefore must lie wuid-polUnated 
The distribution of the seed (PI IX D ) is again wind- 
controlled The inflorescence, bleaks off, and is rolled by the 
wind, dropping the seed until it finally is ai rested by the shrub 
succession These spherical inflorescences are extremely light 
and easily moved In germination there is a final adaptation 
In seeds which have a coleoptile, the depth of soil through which 
the seedling can emerge is limited by the length of the coleoptile 
In general the coleoptile is a very short organ, and limits the 
depth to which grass seed may be sown* Once the coleoptile 
ceases growth m length, the first leaf emerges, and leaves are 
very poor instruments for getting through the soil The per¬ 
centage of germination very rapidly falls when the seed is sown 
deeper than the length of the coleoptile In Spimfex Inrsutus, 
however, where there is the constant danger of the seed being 
buried deeper than the length of the coleoptile, there occurs a 
hypocotyl which can carry the coleoptile high up towards the 
surface of the sand. From seed to tip of coleoptile, 5 inches 
have been measured 

Generally speaking, there cannot be said to be any one constant 
adaptation in this association except prevention of water loss 
due to the constant wind The modification of leaf stiucturc, 
whether scleropliyll or succulent, is most probably connected with 
wind action Where there is water supply at the root, xero 
morphy is not a matter of course, no matter how powerful the 
condition for transpiration and evapoiation may be 
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Explanation of Plates VIII. and IX. 

Plaie VIII 

A—Second Dune showing the junction of Phase I (Giass) and Phase II 
(Shrubs) Photograph taken from top of First Dune looking 
towards the Third Dune Banksta mtegnfoha on upper left 

B—Third Phase (Trees) of Dune Vegetation Photo taken from top of 
Third Dune seen m A 

C—Prostrate masses of Acacia Sophorae at junction of Phases I and II 

D—Shi ub phase Photo taken from rear of Second Dune looking towards 

the Third Dune 


Plate IX 

A— 6pinifex fan stilus protecting an isolated Dune against denudation 

B.—Runners of Spmifcx hi) sutns on top of Fust Dune advancing seawards. 

C—Top of First Dune Vegetation mainly Spimfcx fan sutus, but at (a) 
aie seen plants of Scncuo spathulatus and at ( b ) specimens of the 
Cushion Plant, Cotocephalus Biozvnn 

I) ■— InfloresceiK es of bpimfcv hit tutus 
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Introduction* 

It may readily be gathered from the somewhat scant literature, 
that there is no general agreement among Victorian physio¬ 
graphers as to the nature of the chief factois that have com¬ 
bined to influence the topographic evolution of the State, more 
particularly the south-central poitions, since the beginning of the 
Kamozoic Era The extent to which the views of the workers 
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concerned chvcige may be gathered fiom the following table, 
which presents in summarized form the mam lesults achieved 
since 1903, when Gregoiy published his “Geography of Victoria ” 



Table \ 


Rrjpi.ii] nciI* 1 

Khomon Sirmui'H 

4qt: 

Gregory, 1903 

One pone plain, with tlio divide lying 
well to the north, m the Strath- 
bogies and Ml. Buller 

? 

Skcats, 1910 

1 Ancient peneplain, represented m 
the summits of Mt Maccdon and 
the Dandenongs 

2 Second peneplain, represented in 
the level of the country around Mt 
Maccdon 

I Pie-M Kamozoic 

2. ? 

Jutscm, 1911 

Nillumbik peneplain, including the 
Yarra Plateau and the Croydon 
Senkungsfeld 

Post-Older Basalt, 
pro-Kali mnan 

Keble, 1918 

Various erosion cycles aio doseiibcd, 
but apart fioin the old nvei valleys, 
erosion surfaces are not recognized 


Fenner, 1918 

“ Groat Peneplain.” Level of the 
summit of the Blackwood and Bris¬ 
bane Ranges , an extremely well- 
developed peneplain 

Pre-Older Basalt, 

and called M 
Tertiaiy 

Hummers, 1923 

Planation complete at the beginning 
of the Tertiary period This again 
refers to the “ Great Peneplain ” 

Early Tertiary 

Fcnnei, 1925 

“ Gieat Peneplain,” destroyed in the 
Middle Tertiary 

M, Tertiary 

Ba rag wan ath, 1925 

1 Older peneplain, now at 4,500 foot- 
6,000 feet 

2 Bceond peneplain, which is the 
pro-Older Basaltic erosion surface 
Now at 3,000 foet-3,500 loot 

1 Older than No 2 

2. Pre-Older Basal¬ 
tic 


Tack of a well-attested theoiy of historical physiogiaphy is 
particularly felt in teaching, and the present contribution aims 
at supplying, in so far as is at present possible, a basis for dis¬ 
cussion and lux ther advance, I have been ovei most of the 
country dealt with, in order to test the suggestions heie put 
forward, and have been greatly helped by discussions with 
members of the staff of the Geology School at the University, 
Mr. F A Singleton, whose advice was especially welcome in 
connexion with Tertiary stratigraphy, and Mr. IT B Hauser, 
m particular The accurate relief model of the country around 
Port Phillip and Western Port Bays, constructed from the Mili¬ 
tary Suivey Maps by Mr, IT B Hauser and Mr J S Mann, has 
proved of inestimable value. 




160 


11 6 Hills 


Part I 

Recognition oi< Erosion Surfaces 

1. The Cretaceous Terrain, 

It may lie seen mound the Dandenong Ranges that the land 
surface at the tune of extrusion of the Older {basalts was oi 
diversified relief, the, resistant Devonian lavas using above the 
general level of the smiounding country With a topogiaphy 
such as this, the possibility exists that at the summits ol the 
monadnocks of lesistant rocks, we might find relics of the 
former land surface, which upon elevation and dissection gave 
use to the latei surface upon which the Oklei Basalts weie ponied 
out Although such relics do not occur eithei at Mount Maiedon 
or m the Dandenong Ranges, where the outciops of resistant 
lavas are so small that the escarpments on the eastern and 
western sides of the lava outcrops have intersected to pioduce 
a ridge (see Fig, 1), the conditions aie different further to the 
east Here, the much larget oulhei of Devonian lavas sit etching 
from Warburlon to Healcsvtlle, Maiysville, the Cumberland 



Fig 1—Diagrammatic section to show the evolution of a lesidual ridge 
(A) and of a plateau remnant (B) The old land surface is rcpie~ 
aented by the thin line 1, and there are two outliers of resistant la\as, 
a smaller at A and a larger at B Upon uplift of the land, erosion 
of the soft bedrock begins, and escarpments develop at the junctions 
of the lavas and bedrock An intermediate stage with two plateau 
remnants is shown by the btoken line 2, and the existing topography, 
where A represents ridges such as the Macedou and Dandenong 
Ranges, and B dissected plateaus such as that around Donna Buang 
and northwards, is shown by the thick lme 3, 

Valley, and north to the Rubicon River, is so extensive, that the 
summit still preserves, though no doubt m a somewhat modified 
form, a remnant of the old uplifted land sui face. This moun¬ 
tain mass is to-day a dissected plateau, the summit of which 
ranges from about 5,000 feet at Mount Torlncck, down to 3,500 
feet at Mount Strickland, near Marysville (see Hills, 1032, 
pp 147-48) Therefore, the Devonian lavas must, at some 
period long antedating the extrusion of the Older Basalts, have 
been so reduced by erosion as to have formed pail of a well- 
developed erosional plain, more complete than any which has 
since been developed in south-central Victoria 

Our estimate of the probable age of thus erosional plain 
(whether it is to be termed “peneplain” or “ panplam ” will he, 
as yet, a matter of opinion), depends on the age assigned to the 
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Older Basalts By the time these lavas were extiuded, the, old 
•crosional plain had been uplifted and dissected to a late matin e, 
or peihaps even old stage (see section on the pie-Older Basaltic 
Terrain), so it is clear that the uplift must have antedated the 
basalts by a very considerable penod Unfoitunately, the 
'evidence of age of basalts that do not come, into xelationships 
with manne Teiliaiy deposits is usually inconclusive, but it is 
now genet ally believed that the eat best flows were, at least as 
old as Ohgoceue If the basalts of the olclei deep leads are of 
this age, or even slightly younger, it is cleat that the old 
erosional plain whose age is m question must have been uplifted 
<eithei well down m the Eocene, or perhaps eailier still The 
epi-Cietaceous movements which produced folding m Queens¬ 
land may, in Victoiia, have resulted m bioad upwaipmg of the 
Upper Qetaceous land surface, and 1 would suggest that the 
ancient land surface pieserved around Donna Buang, Maiysville, 
and in the Cerbe,leans, is this uplifted Upper Cietaceous sur¬ 
face Other piobable lemnants of this land surface, such as the 
Baw Baw Plateau, which was tecogmzecl by Baragwanath (1925) 
as lepresentmg a <f peneplain” uplifted and dissected befoie 
Oldei Basaltic times, will be indicated below 

As we pass eastwaids from the Melbourne distnct, the Older 
Basalt residuals become, m the Eastern Highlands, piogressively 
moie elevated At the same, time, the inteifluves of the pie 
Oldei Basaltic streams become continuously mote eroded and 
i educed, so that we pass from a region wheie the Older Basalt 
may still occupy lower ground than the old interfluves (more 
especially than the old divides) to a legion wheie the residuals 
now occupy the highest land, and where extensive relics of the 
mmudnocks and intei fluves of Older Basaltic times no longer 
exist This explains why iclics of the G’etaceous Terrain (see 
(llossaiy foi terms used with a special significance) are more 
easily recognizable nearer Melbourne than in the Alps. The 
pie-Older Basaltic land surface has been differentially elevated, 
being tilled up to the east about an axis m the Melbourne dis¬ 
trict chiefly as a tesull of posl-Kahmnan movements (qv ), 

2. The Pre-Older Basaltic Terrain. 

It has for long been realized that, m the sub-Older Basaltic 
deep leads, we have preserved traces of an ancient river system, 
which has been discussed in detail by Keble (1918) and Barag¬ 
wanath (1925), The land surface over which these, rivers 
flowed is the “ Great Peneplain ” described by Fenner (1918, 
1925), and by Summers (1923), the 3,000 feet-3,500 feet pene¬ 
plain of Baiagwanath (1925), and is probably the low level 
peneplain referred to by Skeats (1910) at Mount Macedon 

The evidence of the sub-Older Basaltic leads shows that over 
an extensive inland region, in the valley tracts of the rivers, the 
surface was maturely dissected, and towards the south, in the 
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plain tracts of the streams, there was much flat land In the 
south, the basalts which further inland were confined within the 
stieam courses, often spiead out as sheets Above these exten¬ 
sive regions at a maluie or old stage of dissection, lesiduals of 
icsistant Devonian lavas and “giamtc" lose 

3. The Pre-Oldei* Basaltic Divide. 

A Discussion of Grfoory's Hypothesis 

Gregory (1903) has suggested that the mam divide at this 
period was in the Strathbogies, and that fiom there streams 
ran south, over the piesent divide Similarly, it is suggested 
(Keble, 1918) that a stieam ran south from Mount Butler to 
join the well authenticated parent of the twin stiearns Thomson- 
Aberfeldy The following considerations bear on this ques¬ 
tion — 

(i) The Gorge of the Goulburn at Trawool —On Gicgoiy's 
hypothesis the Goulburn has developed by headward erosion fiom 
an initial source west of the King Parrot Creek At Tiawool, 
the Goulburn has been superimposed upon a granite massif, 
through which, clearly over a protracted period of time, it has 
cut a gorge It is difficult to find any reason why a stream so 
retarded should have been able to effect any significant extension 
of its headwater regions by headward erosion, a piocess which 
depends so completely upon the ability of a stream to rapidly 
degrade its course Furtheimore, it is difficult to v sce why, if the 
Goulburn m this district were not veiy early established as a 
master stream, it should not have been itself captured by a stream 
working round the south end of the Tiawool granite 

(n) The Reversal of Former Sonth-floivtng Streams — 
Gregory's hypothesis also necessitates the postulate that the 
streams flowing south from the Strathbogies and Mount Buller, 
i e, the streams now represented by the Upper Goulburn, 
Acheron, Yea, and King Panot Creek, have been reversed, 
apparently by continually having their headwaters encroached 
upon by vigorously headwaidly eroding streams of the developing 
Goulburn system. It must be pointed out that the Goulburn, as 
well as being handicapped by traversing the Tiawool granite, 
would on Gregory’s hypothesis he able to capture only a meagie 
amount of water from the supposed south-flowing sti earns, for it 
would have been necessary for it to have effected its development 
at the headwateis of those streams, near a presumably well- 
marked and mountainous divide That it should have succeeded 
in reducing a mountain mass to a great valley, indeed to a liver 
system, during post-Older Basaltic times is inconceivable, especi¬ 
ally m view of the comparatively insignificant extent of po v sl- 
Older Basaltic erosion on the Yarra Plateau, where m addition, 
the streams have been aided by posl-Kalimnan uplift 
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(m) The Yarra Plateau 

(a) Kangaroo Giound Residual —The Kangaioo Ground 
dncl adjacent lesiduals on the Yana Plateau are some 900 
feet lowei than the divide at Ivmglake If the Kangaroo 
Ground pie-Oldei Basaltic stream had to pass ovci the divide 
on its way from the Stiathbogics, this difleience in elevation 
between two parts of its coinse so far from the head¬ 
waters is, assuming a normal thalweg, impossible The con¬ 
ditions are better satisfied by assuming a pre-Oldei Basaltic 
divide not far from the piesent divide and only slightly 
higher 

( b ) IValson’s Creek Residual —Watson's Creek and the 
creek to the south of it are twin streams, and the basalt 
residuals on the ridge between them are still at a lower level 
than the adjacent inteifluves, which clearly represent the 
reduced pre-Older Basaltic interfluves The Clmstmas Id ills 
ridge, detei mined by a haul quartzite band (Jutson, 1911), 
is also higher than the residuals, and as shown by Kehle and 
recognized by Jutson, must have been a divide between pic- 
Older Basaltic stiearns flowing west and east of this aiea. 
Followed to the noith, the Clmstmas Hills merge into the 
Kmgldke Plateau at the divide It follows that the present 
divide itself, like the Christmas Hills, foimed pait of the 
pre-Older Basaltic Tcirain 

(iv) Conclusions—The above will have shown that it is 
impossible to place the pre-Older Basaltic divide as far north 
as the Strathbogies and Mt Bidler, that aheady m the pre-Older 
Basaltic times the Goulhmn system was well developed, whether 
in its present fqini or not is immaterial, that theiefore the pie- 
Oldei Basaltic divide approximated to the present divide 

(B) Alternative Hypothesis 

We may now consider the pioposition that the pie-Older 
Basaltic divide was situated not fat from the present divide, as 
an alternative hypothesis 

It has already been pointed out by Jutson (1911) and Kehle 
(1918) that the Watts River, within the outcrop of the Devonian 
lavas, occupies an ancient course. This is the course initiated 
oi rejuvenated on the break-up of the Cretaceous Tenain The 
headwaters of the Achcion, by analogy, may he regarded as hold¬ 
ing a similar inherited course Donna Bttang being the highest 
peak on the Warburton-Healesvdle, Plateau, we may take it as 
marking the continuation of the old divide m this region The 
Yarra at Warburton has clearly come to occupy a transverse 
course because of the ease, of erosion in an east-west direction 
as compared with that in a north-south direction, and during the 
course of erosion from the beginning of Tertiaiy time to the 
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present, has become, a mastei stream because of this fad At 
the pie sent time the thalwegs of the Yea River and King Patrol 
Creek are at a much lower giadient than the, sti earns flowing to 
the Yarra hom the Kmglake Escaipment (see lug 2) This is 
due to the fact that the Goulbmn, between its confluence with 
the King Pairot Cieek and the Yea River, aveiages some 500 
feet above sea level, while the Yaira is only 100 feet above the 
sea at its confluence with Diamond Creek These gradients are 
the reverse of what would he expected on Gregory's hypothesis 
of stream development 




Fig 2 —'Stream proiiles north and south of the divide Data fiom Mili¬ 
tary Survey maps Note the low gradient. of the noith-flowing 
streams These erode relatively to the level of their confluence with 
the Goulburn, which is still some 500 feet above sea level The 
irregular gradients of the soutli-fiowing streams are probably due 
to the presence of hard bands in the Silurian rocks which they tra¬ 
verse, the effects of these hard bands being accentuated because of the 
steep gradient 


The Kmglake Plateau is a xeduced pre-Glder Basaltic land 
surface. Being at a divide, where rivers are stable in their courses 
for very long periods, this surface has been preserved, and merely 
reduced m level by gradual removal of soluble material from the 
soil, which is deep and rich, in contrast with the, soils on the 
Silurian rocks of the Yarra Plateau, a younger land surface until 
recently undergoing active denudation. The actual divide is 
slowing migrating northwards, due to the steep gradient of the 
southern streams, the higher land at Mount Sugarloaf marking 
the probable position of the pre-Older Basaltic divide. The Older 
Basalt near Flowerdale on the, King Parrot Creek is at a lower 
elevation than the divide at the head of the creek, and this clearly 
shows that the divide is an ancient feature It is probable 
therefore that the Hume Plateau, which rises high above the 
present divide and above the, basalt residuals, is a relic of the 
Cretaceous Terrain, and was a plateau remnant in pre-Olclet 
Basaltic times, as it is to-day. 
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(C) The Werribee Gorge Area 

Fcnnci, in his papers (1918, 1925) on the Werribee River and 
Bacchus Maish Basm, insists on the existence of only one 
peneplain, the (neat Peneplain, which is the pre-Oldci Basaltic 
Terrain This peneplain, now dissected, is the level surface 
exhibited by the upthiown blocks of the Blackwood Ranges and 
the Brisbane Ranges, and is the second peneplain of Skeats, above 
which 'Mount Macedon uses I believe this view to be in great 
measure eoiieet, but as will be pointed out later, if this is so our 
ideas of the nature of the Giecndale and Spring Creek faults 
must he considerably levised 

4, The Nillumbik Peneplain* 

This is defined by Jutson as including the Yarra Plateau of 
Oregoty, logelhet with the Croydon " Senkungsfeld ” The pene¬ 
plain was ptoducecl after the extrusion of the Older Basalts and 
be foie the deposition of the Bat woman and Kalimnan fluviatile 
and shallow marine sands and gravels of the Melbourne distuct, 
which test upon it. 

Fn the Pott Phillip region, immediately after ot during the 
main Oldci Basaltic outbursts, deptession of the land, leading 
to the marine incut sums of the Barwouian, was initiated This 
depiession persisted until Kalimnan times, and duiing these 
periods it is dear that river erosion m the neighbouring districts 
must have been ictardcd Wc may picture the streams distribut¬ 
ing sand and giavel as flood-plain deposits m the lower paits 
of their courses, and, by lateial planation, producing local level 
erosion surfaces, (t is clear, however, from the fact that Older 
Basalt residuals wete left on the erosion surface, that no wide¬ 
spread erosional plain was produced The Nillumbik Peneplain 
is best regarded as a modified pre-Older Basaltic Terrain, which, 
within the area pi escribed, was of low relief I piopose, for 
icasons given below (see Peneplain, m the (flossary), to refer 
to it as the Nillumbik Terrain. It may he seen to-day as a 
.stripped fossil plain, along the Mitcham-Tunslall axis, where 
the ovet lying Terhaty sands have been icmoved by erosion 


6. Post-Kalimnan Barth. Movements 

We have no evidence that any major period of uplift, such, for 
instance, as might have raised the Eastern Highlands to their 
present elevation, took place between the extrusion of the Older 
Basalts and the end of Kalimnan times in Victoria It is the post- 
Kalimnan movements which have determined the major topo¬ 
graphic features of the State 
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Evidence fox a general Pliocene, uplift antedating by some time 
the Newer Basalts is afroicled by the uplifted mat me Kalunnan 
sands of the Melbourne disluct The lluviatile deposits which 
■cap the lulls in many parts of the Ccntial Highlands weie also 
uplifted before the Newei Basalts weie eiupted, and then pliysio- 
giaplnc lelations are analogous to those of the Kahmnau sands 
aiound Meibom lie, which themselves giade inland into lluviatile 
deposits It is consideied that the thick gravel deposits around 
Bairnsdale are Pliocene also, and these giavels, 01 a similar 
series, cap the lulls as far inland as Buchan It will be seen 
that there is good ieason to place a gencial period of uplift 
somewhere between the Kalimnan (Lower Pliocene) and the 
earliest Newer Basalts Before the basalts were erupted mature 
valleys were excavated in the uplifted land. 

To turn to South Gippsland, the youngest deposits affected by 
the, late Tertiary faulting are again the “ Older Pliocene ” fluvia- 
tile series Here there is no cloubt that the hills owe their 
elevation to post-Kalimnan movements, repercussions of which 
arc still to be felt In attempting to define a period of maximum 
late Tertiary uplift, it must be borne in mind that we are con¬ 
cerned with movements that can be shown to have been of wide 
geographical extent and of restricted time range Locally, uplift 
or depression with minor oscillations has gone on throughout 
practically the whole of Tertiary time, as m the ancient Muiray 
Gulf and at Sorrento In addition, we once moi e come up against 
the difficulty that it is hard to fix the age of a senes of subaeual 
lavas, the Newer Basalts In the Western District, vulcanicily 
clearly continued into Pleistocene or Recent times, but the lava 
fields around Melbourne have been more deeply dissected, and 
appear to be slightly older. They were already extruded when 
swamp deposits containing Diproiodon weie laid down, and a 
soil cover derived from the weathering of the basalts themselves 
is universal. If all the Newer Basalts are to be regarded as 
Pleistocene, those of the Melbourne, district must belong to the 
earliest part of that period. 

The period of maximum Pliocene uplift, then, as shown by all 
the evidence to date, was post-Lower Pliocene and pic-Pleisto- 
cene, Movements along the Rowsley and neighbouring faults of 
post-Newer Basaltic age seem to have been concerned chiefly 
with the depression of Port Phillip, and not with the uplift of 
the Highlands There is no evidence anywhere in Victoria for a 
maximum uplift m the, Pleistocene (Kosciusko Uplift), the 
elevation of the Highlands having taken place throughout Middle 
and Upper Pliocene times, culminating in the Upper Pliocene. 
In the Eastern Highlands it may prove to be the, case that upwarp 
began earlier still near the divide, with concomitant downwarp 
in the Gippsland region 
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Fault Movements in Relation to PiiysiooRAPinc 
Evolution 

1. The Croydon SenkungsfelcL 

Tn his paper on the Yarra, Jutson (1911) postulated a 
depiossed aica, hounded hy faults—many of which aie admittedly 
hypothetical—and named tins aiea the Cioydon Senkungsfeld 
Kchle (1918), however, presented an entirely diffeient explana¬ 
tion of the topogiapluc evolution of the distuct, unfortunately 
without any attempt to discuss Jutson’s earlier work The sup¬ 
posed fault scarps of the Brushy Creek and Yarra Faults aie, 
it would appear, regaided by Keblc as erosion escatpments, 
marking the position of an ancient watershed, the Wmunjerri 
Range, of which the Christmas Hills foim part 

(i) Brushy Crtkk ano Yarra Faults 

It is a lemaikahle coincidence that, as was clearly pointed out 
hy Jutson himself (1911, a), the line of the supposed Biushy 
Gieek and Yana Faults should he faithfully followed, on the, 
high level side, hy a hand of the most highly siliceous Silurian 
quaitzilc found by Jutson on the Yarra Plateau, As the strike 
of this haul hand varies, so do the supposed faults change their 
course, stukmg oast of noith m the south, then west of north, 
and latci east of noith again Jutson explains this hy postulating 
a line of weakness along the hard beds, but theie is no a priori 
reason to suppose that such actually existed Jutson finds him¬ 
self hi difficulty when he traces the.se haid beds further north 
where they deleimine the Christmas Hills Spin The same con¬ 
ditions hold—there is the hard hand, the high land on the west, 
and the lower land on the east But it u impossible to place a 
fault at the foot of the Christmas Hills, which are clearly (as was 
recognized hy (Jiegoiy, ftitson, and Kchle) a spur developed by 
difTeiential eiosion, jutting out fiom the Kmglakc Plateau Jutson 
there foie arbitrarily plates a northern limit to the Yaira Fault 
movement, and marks a purely hypothetical fault running east- 
west across the spins on the noith side of the Yana As there 
is every reason to believe that the Christmas Hills owe their 
idative elevation to differential erosion, then stionger evidence 
than has yet been adduced is necessary to prove that the, eastern 
houndaxy of the Yaira Plateau is not an erosion escarpment also, 
determined by the hard quartzite described by Jutson 

(ii) Dandenongs Fault 

On the. eastern side of the Acheron valley, between Maiysville 
and Taggerty, there aie Upper Devonian lavas resting uncon- 
formably upon Silunan sediments, and the dissection of these, 
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as in the case of the rhyolites at Mount Wellington, has produced 
a well-defined escaxpment paiallcl to the strike of the lavas 
There is no leason to doubt that the escaipment at the edge of 
the Devonian lavas extending fiom llealesvillc lound to Wai- 
hurton is due to the same cause, feu the boundary of the lavas 
and the Silurian, as mapped by Jtinner (1915) and Edwards 
(1932), is a natural one The fault mapped by Jutsnn is non¬ 
existent At the Dandeuongs, remapping of the boundary of the 
Devonian lavas by Edwaids, as shown in a MS map kindly 
placed at my disposal, shows that the boundary faults marked by 
Moms Morris (1912) do not exist, the junction with the Sihman 
rocks being again a natural one An escarpment at the edge of 
the hardest of the lavas is therefore to he expected as at Marys¬ 
ville and Healcsville 


(m) Steele's and BeiaiVs Hills 

These peaks on a nmth-south trending ridge, of Silunan locks 
(the Waranmate Hills) are marked by Jutsou as being on the 
upthrown side of one of the boundary faults of the ‘ f Senkungs- 
feld” They are composed of silicified sandstones much more 
resistant than the average Silurian sediments of the district, and 
diffeiential erosion is again sufficient, in my opinion, to explain 
their present elevation above the sui rounding countiy 

I therefore maintain that there are no adequate grounds for 
legardmg the basin of the middle Yana and the Ciovdon Low¬ 
lands as a Senkungsfeld 

2. Alternative Hypothesis, 

An alternative hypothesis must give an adequate explanation 
of (i) the course of the Yana across the Yarra Plateau, (ii) the 
Yarra Flats, (lii) the general high level of the plateau as com¬ 
pared with the Cioydon Lowlands; and (iv) the Yering (huge 

(i) The Course of the Yarra across the Vaini Plateau —Keble 
explains the present transverse course of the Yana as being due 
to the capture of a stream formerly flowing south through Lily- 
dale by the streams flowing west from the old divide of the 
Wurunjem Range Such a contingency is most improbable, 
firstly because of the extreme slowness of the migration of 
divides, and secondly because the conditions of the bedrock are 
such that, on Keble's hypothesis, the streams working in soft 
rocks are captured by those working in hard rocks (see, section on 
the Yarra Plateau), and, moicover, are captured acioss a well- 
defined resistant ridge, the Wurunjem Range 
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I would suggest as a possible altei native that the diversion of 
the Yana acioss the Wunmjeui Range was biought about by 
the blocking of the valley of the formci noith-south liver flowing 
through Lilydale m pre-Oldei Basaltic times by ejectamenta from 
the Older Basalt vent lecognued at Lilydale (Morns Morns, 
1912) In pie-Oldci Basaltic limes the edge of the Dandenongs 
escaipmeul would have been a little fuithe: west, the denudation 
of the toscanites would not have progiessed to the extent seen 
to-day, and thus at Lilydale the valley of the pie-Older Basaltic 
stream must have been somewhat constiictcd If blocked by 
lavas and lulls, a lake would have been fmined which would have 
found an outlet across a low part of the Wurunjern Range, pio- 
bably at the head of one of the tnhutanes of the stream flowing 
m the position of the Kangaroo Giound tesidual 

(n) The Yarra Flats —The level of the outlet so formed 
would act as a local base level of erosion, since composed of hard 
lock, and upstream from it the Yana would meander and deposit 
extensive flats—the Yarra Flats The level of these flats should 
he continually in a process of 1 eduction if this hypothesis is true 
We should find alluvium extending from the flats up among the 
higher lulls around Lilydale, particulaily m the valleys, into 
which long-continued lam action would wash most of the 
matenal This is actually the case 

if the Flats aie clue to the exceedingly slow uplift of the 
Yarra Plateau, then they should never have been more extensive 
than they now are, and, further, since movement along the hypo¬ 
thetical Yarra Fault has presumably ceased, the Yarra should 
now he cutting away the Flats. This is not the case, the factor 
causing their development is still operative, and is to he sought 
m the piesencc of the bard rocks of the old Wurunjern Range 

(iii) The Yarra Plateau .—The general high level of this 
region is due mainly to the lesistant nalme of the rocks of which 
it is composed Quartzites, sandstones, and conglomeiates occur 
thcie, and, in addition, the rocks have been mclmated by the 
penetration of siliceous solutions, quail/ veins being common m 
the mining distnets. It was from various places on the Plateau 
and its southern extension! m the Melbourne clistiict that building 
stones wexe obtained m the caily clays of Melbourne's growth 
blast of the Plateau, especially to the south of the Yarra, the 
usual type of rock is a soft shale, often highly fossihferous, any 
harder rocks being found as high land 

(iv) The Ycmig Gorge *—On the hypothesis here presented, 
this is to be explained as a pait of the edge of the Yarra Plateau,, 
isolated by having supei imposed on it, from the older high level 
alluvium, a meander of the Yaira. 
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3. The Ballan Sunkland. 


The data given by Fenner (1918) allow a leeoiist motion of the 
condition of the BalUn Sunkland immediately after the operation 
of the Greenclale and Spiing Creek Faults (see Figmc 3) It is 
clear from this section that, if we <ue to legrud the level ol the 
Blackwood and Bushane Ranges as j ('presenting the uplifted 
surface of the pre-Oldei Basaltic Ten am (Cheat Peneplain), 
then our mtcrpielation of the geological histoiy must he some¬ 
what moie complex than has usually been consuleied neeessaiy 



Fig, 3—Section across the Dalian Sunkland This section shows the sunk¬ 
land as it was immediately aftei the opciation of the Spring Creek 
Fault (FI) and the Gieendale Fault (F2), according to data given 
by Fennel (1918) The existing topography is lcpresented by the 
heavy line at about 1,200 feel m the south and over 2,000 feet in the 
north The lower part of the section is from Fenner’s Figiue 13 

It will be clear that either the piesent level of the Blackwood 
Ranges (north of F2) is not that of the Great Peneplain (the pie- 
Older Basaltic suiface), or that most of the movement along this 
fault had already occuriccl bcloic the completion of the peneplain 
If the Brisbane Ranges aic legardecl as pait of the peneplain, then 
eithei they are a stripped and slightly dissected fossil plain, fiom 
which the Teitiary sands have been removed, oi else the sands 
occupy a basin initiated by movements along the Spung Cieek line 


The possibilities are as follows,— 

(a) If the Spring Cieek Fault is correctly drawn* then the 
Brisbane Ranges are a “shipped fossil plain,” from which the 
overlying Tertiary sands have been washed, not so much hy 
normal stream erosion, but as “mud may lie washed fiom a 
board” (an expression recently used, as a quotation, by Fennel 
m another connexion) The great ease of erosion of these beds 
makes this quite a feasible idea 

(b) The Spring Creek fault may he legalded as a hue of post- 
Older Basaltic sag, initiating a basin which was filled by the 
lignitiferous sands of the Parwan Basin and Lai Lai district. 
The sands on this hypothesis never covered the Brisbane Ranges* 

(c) The preservation of so much Permocarboniferous tillite 
on the downthrown side of the Greendale Fault is a very strong 
indication that most of the movement along this line went on 
•during the formation of the Great Peneplain, or eailicr still, for 
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the uplhiown side lids suffered about 1,000 feet of 1 eduction 
since the major movement went on If the Blackwood Ranges 
icpiesenl the Great Peneplain suiface, the erosion must have 
been pie-Oldei Basaltic Latei movement of small amount has 
piobably gone on 


4. The Mansfield District. 

In Ins papa on this aiea, Fennel (1914) discusses the evolu¬ 
tion oC the rivers, and concludes that the drainage has been 
duectly affected by what he cleaily legards as Tertiary block 
faulting, although the age of the faults is not unequivocally 
stated, and no sti aligi aphical evidence fm their existence was 
obtained As a lesult of a visit to the Mansfield and neighboui- 
mg distiicts m 1928, I was able to supply the missing strati- 
giaphical evidence of block faulting, which is of fundamental 



Pig 4*—View flora Kcppel's Lookout, Maiysvillc, looking north This 
■view over the timbered valleys of the Taggetly and Steavenson Rivers 
lllusUates the nnpoitance of subsequent sti earn dissection The Look¬ 
out is situated cm the top of the escarpment bounding the Devonian 
lavas, and the continuation of the escaipment to the north is seen at 
(E). The lavas at (1C) piobably once covcied the hard Silurian 
sandstones of the Calhechal Range (C-D), which pass beneath the 
Devonian at the saddle between the Sugailoaf (D) and the escarp¬ 
ment (E). The curve of the talus slope horn the Cathedral (C), a 
massive sandstone dipping to the east, is well shown At Buxton, 
an intiusion of gametifeious grandoclunite porphyute forms the hill 
(R) to the east (if the village Between Buxton and MaiysviUe the 
rocks aie Silurian sediments, and the topOgiaphy is determined by 
differences m hardness among these beds. The udge (A) leading up 
to Mount Gordon is composed of hard sandstones 

importance for an understanding of the geology of the region, 
but could find no evidence, that the movements are of Tertiary 
age The scarps are all fault line scalps, and the presence of 
quartz veins along certain of the fault lines, as on the western 
side of Mount Tmiberlop, is a good indication that the faults are 
much older than Teitiary, more probably Upper Palaeozoic 
One of the faults postulated by Fenner is, he thinks, connected 
with the uplift of the Cerbereans, but, as has already been shown, 
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these mountains are a telie of the Getaccous Tettam, and then 
steep edge is the escarpment at the edge of the IJppei Devonian 
lavas of which they ate m pait composed ( Hills, 1T12) In the 
absence of moie definite evuleuce to the eoutraiy, Iheiefoie, l 
would suggest that the development of the complex middle course 
of the Goullmrn has been contioiled, not by Tertian limiting, 
but by subsequent (differential) dissection of a region oi com¬ 
plex geology 


5. Conclusion, 

The above remarks are not intended to minimize the mipoit- 
ance of Tertiary faulting as a physiographic control in Victoria. 
In Gippsland, particularly, the evidence foi extensive late Ter- 
tiaiy faulting is conclusive and illuminating, but m the Eastern 
Highlands .such is not the case, and no undoubted Teitiau I .mil 
has yet been identified My own refeience (1932h to the “ tilted 
blocks of a broken pleneplam/’ oecunmg west of the Black Hills, 
Taggeity, is mcoirecb The supposed tilted blocks are a series of 
strike ridges Indeed, a preconceived idea of the dominance 
of block faulting m this region for long prevented the author 
from realizing what is actually the chief topogiaphic conti ol over 
extensive areas, and that is, geological structme, etched out by 
the long continued attack of erosive agents 


6. Glossary and Summary, 

A Systematic Terms 

1 Terrain —The land surface at any specified time within the 
region under consideration It is sometimes preferable to use 
this term instead of “eiosion surface/' since it includes erosion 
surfaces of all ages represented in the topography 

2 Inherited —A term used to describe physiographic entities 
such as stream courses or summit levels, the former condition 
of which has left a very mailced impress upon the existing 
feature 

3 Peneplain —The errois that may be introduced by a loose 
application of this term to all moderately flat (often, too, only 
locally flat) erosion surfaces are veiy great Wherever piclmu- 
nary investigations only are made without detailed study, it is 
preferable to use a term such as u Terrain,” without the genetic 
significance attached to the woid "peneplain” 

4 Plateau Remnant —A small plateau or table mountain, 
representing a relic of a former land smface of low relief, 
uplifted and dissected m a new cycle of erosion 
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B Rkmon vl Terms 

1 Claim cons' Tan am —The land smbice, of umfmmly low 
ichef, hefoie the nujoi lalt-C ictaceous uplift Remnants now 
•to be seen aie (a) the Cerbereans—Donna Huang* Plateau, (b) 
the Hume Plateau, (6) the Tiawool Plateau, (d) Baw Baw 
Plateau 

2 Pre-Older Pasaltit Ten tun— This is the “Gieat Peneplain ” 
of Fennel It is the land sui face produced by ciosion between 
the hite-t ictaceous uplift and the earliest Older Basalts The 
plateau lemnants of the Cretaceous Ten am described above weie 
monadnocks on the pre-Oldoi Basaltic surface, but large areas, 
especially in the Palaeozoic sediments, were of low relief Rem¬ 
nants now to be seen are (a) the Kmglake Plateau —i epiesent- 
mg the 1 modified pie-Older Basaltic divide, ( b ) the Christmas 
Hills; (c) the Bnsbanc Ranges (in part), (d) the Blackwood 
Ranges (in part), (a) the sub-Older Basaltic leads 

3 Nillumbik “ Peneplain v —Tins is the land surface pio- 
dmed dmmg post-Older Basaltic and pie-Kahmnan times in the 
\atia Plateau and Croydon Lowlands It is a modified pie- 
Oldei Basaltic smface, and may now lie seen as a shipped fossil 
plain, along the Mitcham Axis 

4 Hume Plateau —'The Hume “ Ranges M aie really a plateau, 
whOvSC summit ranges bom 2,200 feet to 2,500 feet 

5, Trawool Plateau —The granitic country south of Trawool 
is a plateau, moie deeply dissected than the Plume Plateau 
because nearer the Goulhutn, but with a summit at much the 
same elevation, 

() Kinglake Escarpment —See Kinglake Plateau 

7 Kinglake Plateau. —The piesent divide fiom Kinglake, West 
to above Kinglake is a nairow plateau tiending roughly east- 
west, at an elevation of 1,600-1,800 feet This is bounded cm 
the south by a steep erosion escarpment, for which 1 propose the 
term Kinglake Escarpment. The plateau beais deep and tich 
soils, which extend down in places on to the tops of the mam 
spurs that run off fiom it to noitlx and south, and which arc, like 
the Plateau, ancient topographic features, 

8 Yarra Plateau, — This compnses the country from the 
Christmas Hills to the Plenty River, and from Kinglake Escarp¬ 
ment to the divide on the Mitcham Axis It is composed mainly 
of relatively hard and lesislant Silurian sediments. (Gregory, 
1903, Jutsou, 1911), 

9 Croydon Lozvlands —Since I believe that the term “ Sen- 
kungsfcld,” as applied to the Croydon district, implies an 
erroneous conception of the, history of the aiea, I propose the 
name Croydon Lowlands for the country between the Yarra 
Plateau and the Dandenongs, south of Lilydale 
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10 Brushy Creek and Chnsimas UiUs Ilumpmcnis .—The 
scarps of the supposed Hrushy Creek and \ atm Faults ate, I 
believe, erosion escarpments The scaip of the so called Tuta 
Fault, continued to the 1101 th, is seen to fotm part of the ( hnst- 
mas Hills Escaipment, 

11 JVuntnjcrn Range—A pie-Oldei Basaltic divide, iejire- 
sent ed to-day by the Chnstmas Hills, and the eastern edge of the 
Yarra Plateau (Keble, 1918) 

12 Mitcham Axis —-A line, possibly a post-Kahmiun waip 
axis, from Butt’s Hill through “ Pmemont " and Blackburn to 
Camberwell (Jutson, 1911) 
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Art, X.— A Revision oj the Nomenclature of the Permian 
Foramimf era oj New South IP ales 

By FREDERICK CHAPMAN, ALS.KGS, Prof WALTER 
IIOWCH1N, P G S., and WAI -TER J PARR, E.R M S 

[Read 12th July, 1934, issued sepaiately, 22nd December, 1934,] 


Introduction, 

So long a period has elapsed since the publication of the 
4t Monograph of the Foiamimfeia of the Permocarbomferous 
Limestone of New South Wales ” by two of the present authors 
(Chapman and Iiowchm, 1905), ancl such great advances 
m our knowledge of Upper Palaeozoic foramtnifera have been 
made m tecenl yeais, that, as a pielimmary to fiuthei work 
on the Permian of Austiaha, it has been necessary to revise the 
determinations given m 1905 lu this ievasion, which we now 
submit, we have not attempted to add to the list of forms 
recorded previously, although furthei matcual from Pokolbm 
has been examined with the object of settling sevcial doubtful 
points Correlative notes on published occuirences elsewhere 
m Australia are given, and the species referred to their accepted 
genera. 

Although m the found* publication the two foramimferal 
horizons dealt with veie icfeiied to as in the Permocarbomferous 
system, in the latest note on the subject by Professor Sir T, W 
Edgworth David and Mr, Siissmilch, they are now regarded as 
of Permian age; tlie beds at Pokolbin being placed m the Lower 
Permian, ancl those at Wollong m the Middle Permian. The 
Pokolbm forammtferal homon is veiy closely comparable with 
that of Fossil ( HIT, Irwin Rtvei, in Western Australia, which is 
also included in the Lowct Penman by the authors named. 

In tecenl publications on the Upper Palaeozoic forammifera, 
many new genera have been described, and a better understanding 
of the structure and lelationships of a number of forms lias also 
been gained. Much work, however, yet temains to be done, par¬ 
ticularly tn regard to the character of the shell-wall of several 
genera, bcfoie their positions can be satisfactorily settled As 
three of them, viz., Monogcnenna, Getniisina, and Spandelina 
.(including its sub-genus Spandclinoides) appear to have been 
recorded under these or othei genenc names, from the Permian 
rocks of New South Wales, it is deemed advisable to make some 
comments on these geneia before proceeding with the revision 
and the systematic notes on the species 
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Notes on the Genera Monogeneinna, Spandelina 
(including Spandelinoides) and 
Geinitzina, 

Genus Monogenenna Spandel, 1901 , 

This genus was described by Spandel (1901, ]). 3 81) from the 
Permocarboniferous of Hooser, Kansas, USA, with two species* 
M. atava, the genotype, and M nodosanaeforwm , both based on 
sections of specimens in sihcified limestone. While, Spandel was 
unceitam as to whether the shell-wall was sandy 01 calcareous, 
he placed the genus between Bigenenna and Tcvtulana, and 
stated that the chambers and the aperture had the foim char¬ 
acteristic of those m Bigenenna He mentions lie was unable to 
see any pores m the shell of M, atava . 

Cushman (1933, p. 110), m the second edition of his “ Fora- 
mini fera,” descnbcs the wall as finely arenaceous, with much 
cement and a thin outer covering, and groups the genus with the 
Textularndae, Galloway (1933, p 168), on the contrary, states 
that the walls are finely fibrous or finely granular, or with fibrous 
inner layer and granular outei layer, not arenaceous He includes 
Spandelmoides Cushman and Waters, in the synonomy of Mono- 
genenna, which he places m the family Nodosmelliclae 

Without an opportunity of examining the type species of 
Monogcnerma and Spandelmoides , we can only base Otu opinion 
as to their relationships on published descriptions and figures, 
and on our knowledge of Palaeozoic faunas It appeal's to us 
that Monogencrma is one of the group of Cribrostomum Moller, 
Climacammma Brady, Deckerella Cushman and Waters, and 
Cnbrogencrma Schubert The large aperture and the general 
form strongly suggest to us, as they did to Spandel and Cushman, 
a relationship with the, Textulariidae They ate quite different 
from those of Spandelmoides , which we discuss^ later under 
Spandelina Since we regard Monogmerina as hawing an agglu¬ 
tinated test, the species described by two of us as M pyranndis, 
from Pokolbin, New South Wales, is now transferred to Nodo - 
saria, as the wall is hyaline and perforate 


Genera Geinitzina and Spandelina (including sub-genus. 

Spandelinoides). 

In view of the generally accepted family relationship of 
Gemit%ma, Spandelina, and Spandelmoides, it seems to be 
advantageous to discuss them together We will first give the 
history of each, its genotype, salient characters, geological and 
geographical distribution, and then consider the position of the 
three 
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Genus Gemitzina Spandel, 1901 

This ^enus was onguially descnbed by Spandel (1898, p 7), 
as Geintlsella hum the Zeehsteui oi Gennany This name was 
found to be pteoetupied, and the genus was tenamed by Spandel 
(1001, p 180), in his paper on the foiammileia of the Pei moan - 
bomlei oils ol Iloosei, Kansas, United States of Amenca 
Spandel tefeued two species to Garni sella , Textulana Lima - 
fannus T R Jones and G acuta , sp nov , both of which he 
figured 

Subsequently, Textulana c uneifannus Jones was designated 
the genotype of Geinitswa by Cushman As Galloway, following 
Jones and H j» Brady, considers T tunciformis to be biserial, 
he restricts Gcimtauia to this and similar biserial species, and 
places other described species of Gemitzma m Spandehna In 
doing so, he makes {lot at ) the following obseivations — <f It 
is very unfoitunate that Cushman designated Textulana tuna - 
forum Jones as the genotype of Geimtzma, theieby changing the 
dehmticm of that genus fiom a unisonal form, as intended hv 
Spandel, to a bisenal foim ” 

This does not necessanly follow, as the genus must rest on 
Spandel’s type nmteiial . As Spandel descnhed and figiued both 
species of (rcmitvclla as umsenal, theiefoie Ganilzina, if used at 
all, must be lestncted to umsenal foims, unless, as is exceedingly 
unlikely, the species he had were actually biserial 

After studying Jones’s figure and description of Textulana 
(uneif on ms (Jones, 1850, p 18, pi vi , fig 6), which is at best 
an unsatisfactoiy species, we consider that the form figured by 
Spandel undci this name was wiongly identified Inborn opinion, 
Spandel’s two figmes represent the one, species, G acuta , eithei 
the, ditferences between the two specimens aie due to dimoiplusm, 
or, what appears moie probable in the light of our experience of 
the Austialian species, G triangularis Chapman and Howchin, 
the two s])ecimens are both tnegalospheric examples of the same 
species, with prolocula of difTeient sizes 

The general characters of Geinitzina may he described as fol¬ 
lows .—Test free, triangular in outline, much compiessed, espe¬ 
cially along the median line; ohambeis uni serial, in a rectilinear 
series, usually at died in the eatly stages, becoming moie or less 
transverse in the mature shell, apciture geneially elliptical, but 
m G ciscoonsu Cushman and Waters, it may be linear, and more 
or less zig-zag in shape 

The nature of the shell-wall m G emit am a is of major impor¬ 
tance in determining the position of the genus Spandel by 
placing Gemitzina m the “ NodosandaeJ mterpieted it to be 
hyaline Cushman (1933, p 111), m his latest classification, 
states that it is finely arenaceous, with much cement and a thin 
outer layer when well preserved, and includes the genus m the 

8723.-7 
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Textularndae Galloway (1933, pp 164, 169, under Spandc- 
hna ), descubes the wall as calcareous, finely granulai oi himms, 
with the filues at light angles to the sui face of the test, possibly 
finely pcrfoiatcd Spandclina is placed by him m the Nodo- 
smellidac 

Accoiding to published lecoids, Gcinitzina occuis only m the 
Cat bom fei ous and the Petmian, and is often abundant m the 
latter. It has a wide geographical disluhutitm, being known 
fiom Geimany, United States of America, Austiaha, Japan, and 
Timor 


Genus Spandelina Cushman and Wateis, 1928 

Spandchna and its sub-genus Spandelhundos weie both 
originally described from the Uppei Pennsylvanian-Lower Per¬ 
mian of Sutton County, Texas, United States of Ameuca (Cush¬ 
man and Waters, 1928, pp 363 ct seq ). The genohololype of 
Spandchna is S extavaia Cushman and Wateis, and the sub- 
genohololype of Spatidclinoidcs, S,(S ) nodosariforum , of the 
same authors 

Cushman (1933, p 110), describes the genus as follows — 
“Test uniserial, the chambers m a generally rectilineal senes, 
the earlier ones at least compressed, especially in the microspherie 
form, wall calcareous, finely arenaceous, with a thin coating, 
aperture simple, terminal, elliptical or rounded Without the thin 
outei covenng, the wall of Spandclina appears pei forate, 
especially when calcitized, as is common” lie places it m the 
Textularndae In the original description of Spandchna and 
Spandcltnoidcs, the wall was staled to be calcaieous and per¬ 
forate 

It will be noted that the above description embraces rounded 
as well as flattened foims, the former being placed in the sub- 
genus Spandelinoidcs, which is apparently an isomorph of 
Nodosana 

Galloway (1933, p 169) considers the wall of Spandclina to be 
calcareous, finely granular or fibrous, and finely perforate. As 
we have said under Monagencnna , he gives a similar description 

* the shell-wall of Spandelinoidcs , except that no mention of its 
oeing perforate is then made. All three are included by him m 
the Nodosmellidae, 

We may observe that Cushman and Wateis descubed coslate, 
as well as smooth, species of Spandchna and Spandelinoidcs 
Costation is of very unusual occuuence m the other genera 
placed by Cushman m the Textularndae, and in those included by 
Galloway m the Nodosinellidae It is generally chaiacteustic of 
the hyaline forms of foramimfera 

According to Cushman (1933, p, 110), Spandelma occurs in 
the Permian, and doubtfully m the Pennsylvanian, the only pub¬ 
lished records appear to he from North America 
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Discussion on the Relationships of Geinitzina and 

gpandelina* 

Companion of Ihe generic chatacteis of Gcinitsma and Spande- 
hna (semu s tin to) will show that Spandclma has a propor¬ 
tionately mmc elongated test than Gcimtsma , and the majoxity ^f 
the chambers ate slightly aiehed As in Gcinitzma , each face 
may have a stiong median gioove, 01 may be flat, or even slightly 
concave Galloway, as we have already lemarked, consideis the 
diifeicnees between the two are so slight as to justify the use of 
one genus only 

In genetal, the Conns placed in Gemitzma, Spandclma , and 
Spanelchnoidcs icniind one strongly of the Nodosarndae, Geimt- 
zina and Spnndclina of Fronditularia , and Spandehnoides of 
Nodosana No tiace, of coiling has, howevei, been recorded m 
the genet a undei discussion. No figures of the early stages of 
the nucrosphciic foim of any oL the species have been given 
Cushman (19v33, p 11), howevei, states that the miuosphenc 
form of Gemiizina shows a trace of the bisenal ancestry Of 
Spandclma, lie says (op Lit , p 110), that the miciosphenc foim 
is compiessed m the early thambeis, but no mention of Inseiiahty 
is made. 

We, have no peisonal knowledge of the type species of Gcinit- 
sina and Spandclma (including Spandehnoides) , and are, theie- 
forc, placed at a disadvantage m considering the position of 
these genera Geimtsina has, however, been recoided from the 
Permian of New South Wales by two of us (F, C and W H ), 
and theie can be little doubt that the species included m the same 
work under the names of Frondicnlana zvoodzmrdi Howclun, and 
Nodosaria labiata fSpandel) aie of similar types of shell struc¬ 
ture to the fturns placed by Cushman and Waters m Spandclma 

Frondicnlana zvoodzvardi was described by Howchin (1895, 
p. 197, pi x, figs 4-6) from the “ Peimo-Caibomferous ” of 
the Irwin River, m Western Austiaha, together with another 
new species, NoAosarui irzmncnsis, which closely resembles the 
coslate forms placed in Spandehnoides By the kindness of 
Professor E. de C. Claike, of the University of Western Aus- 
tialia, we, have a quantity of material from the same locality 
This contains many exceptionally well preseivcd foiammifera, 
including, in addition to the species already mentioned, Gcimtsma 
triangularis As all three occur in consuleiablc numbers, we 
have studied them carefully to see if they throw any light on 
the relationships of Geinitxina and Spandclma Examples of each 
have been examined as opaque objects and m section, and the 
shell-wall has been studied under the petrological microscope 

In ihm sections of the best preserved specimens, the wall is 
typically hyaline, but generally there has been an alteration in its 
character which, in such cases, is finely gianular This structure 
lias been interpreted by some authors as evidence that the wall is 
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not hyaline, but we find exactly the same stiucture m some Upper 
Cretaceous examples of species of Flabclhna and l 1 rondicuttina, 
from the Chalk of Gmgm, Western Austialia Under ciossecl 
mcols, the delicate pinks and giccns of ealcile plates are visible 

The wall is closely and finely peifoiate, the tubules m Ccunt- 
zina triangularis measmmg 0 0015 mm in diameter. 

Externally, the shell-wall m all three species is indistinguish¬ 
able from that of fossil Nodosarndac; m Frondiutlana wood - 
wardi and Gcmitzma triangularis the surface is polished. 

The apeituie m Nodosana uwmensis is uiculai and teinnnal 
and situated at the base of a slight depression 11 is not radiate, 
and is similar to that found m Spandchnotdcs In Fronduularia 
woodwardi and Geuntsma inangitlam , we have, what does not 
appear to have been tecorded m any other Palaeozoic forammt- 
fei, a stellate apeiture This is weakly developed in some speu- 
mens, ljut, as a uile, is quite typical when the margin is regulai ly 
toothed and slightly exscit In G triangularis the apeiture is 
elongate, and in 7 ; woodwardi it is rounded The apeiimal 
chamberlet described by Citvshman (1928, pp 22, cl seq,) is 
absent from both species 

Amongst the specimens of Gcmitzina triangularis , we weie so 
foitunate as to find several examples of the miciospheric foim 
These begin with a minute piolotulum, measuring in the speci- 
men figured 0 01 mm m diameter, which is succeeded by a gently 
curved senes of three or four chambets, gradually mci easing m 
size These m turn arc followed by chambers similar to those 
seen m the megalosphenc form In no case are the chambers 
bisenally arranged We figure examples showing the arrange¬ 
ment of the chambers m Forms A and B. 

In view of the above evidence, it appears to us that all three 
species were correctly placed m the genera under which they were 
dsenbed Frondiculana woodwardi is typical of the genus 
Ebcccpt for the radiate apeituie, Gamtzina hiangulans, in its 
megalospheric form, is similai m geneiic chaiaiteis to the species 
placed by Spancld m Gcimtzina he stellate aperture is, in our 
opinion, merely a development ficmi the simple oval oiifice of 
G, acuta (Spandel), an intermediate stage in its evolution being 
represented by the zig-zag slit sum m G itsiocnsis Cushman 
and Waters Similarly, we believe that Nodosana mvinensis is, 
despite the absence of a ladiate aperture, a true nodosarian 

It will be observed that, except for the rare microsphcnc 
examples of Geimtzina Inancjulans , our three species are recti¬ 
linear foims Cushman and Waters had a similar association of 
such forms m their material from Sutton County There can, 
therefore, be little doubt, as we have already suggested, that our 
species belong to the same genera as theirs What, then, is the 
position of Gemitzma and Spandehna ? Are they true Nodo- 
sarndae, and if not, what are their relationships ? 
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The hyaline test, radiate apeiture, and evidence of coiling m 
the nnciospheitc foim, of Gctmtsina Inangulans 3 point to an 
affinity with the Nodosamdae, m which family Spandel placed 
the genus 

Span dolma was guniped by Cushman and Waters with the 
Textulaiiulac because ol the compiessum of the eaily stages m the 
miciosjiheric form, and of the absence of evidence of any of the 
species having a coiled young stage To undei stand the position 
of Spandeluia, it is necessary to remcmbci that, m the two latest 
AAA 




(tcnnlvhui huitujulam t lupin and llowcb 
1-3. Outlines ol b'ntm A, showing simple test and mcgasphet c X 33 
A Outltne of Foim H (niiuospheiic), showing am ostial openly coiled 
ummieiuomenl. X 33 

he Kaily stage til same, muic highly nmgnihed, X 60 
5 A pet tine of (/ Inmujulans X 33. 

Ditto, mou highly magmiicd X 44, 


classifications of the foramimfera, those by Cushman (1933), 
and Galloway (1933), the pnnutive Nodosamdae are stated to be 
coiled forms, Galloway (1933, p 232) says, “ LenUculxna is the 
most primitive member of the family, from which, dnectly or 
indirectly, all the other genera of the family were derived ” 
Cushman (1933, p 175) us not so definite, but, after referring to 
Rob ulus , Darbyclla, and Plcinulana } lie goes on to lemark, “ From 



182 


F Chapman , W Howilun, and IV 1 Parr 


these coiled forms there are several different genera developed ” 
Of these later geneia, we need mention only Flahclhna , Frondi- 
culana , Dent aim a, Nodosaria , and Ungidina 

When the eaily geological histoiy of the Nodosarndae is 
studied, we find m the Trias and (uiassic, an abundance ol 
stiaight, curved, and paitially uncoiled foims, many of which ate 
oinamented with costae, while the closely coiled ones aie fewct 
and of simple types of structure Hits is paiticuUtly apparent 
m Terquem’s memoirs on the forammifera of the Lias (Tei- 
quem, 1858-1866) In the Permian, most of the spcuCvS are xectt- 
lmear, with a few dentahne ones, but closely coiled foims have 
not been lecordecl from rocks of this epoch The stuiight forms 
have been described under the genene names of Frandu alarm, 
Nodosaria , Spandchna , Spandchnoidcs, Gemitzma, Linguhna , 
and Ortho cenna The predominance of such foims and the 
absence of closely coiled ones from known Permian faunas have 
undoubtedly contributed to the present undei standing that these 
geneia are not true Nodosarndae 

Brady (1876) and Spandel (1898) have figured dentahne 
forms from the Permian of Europe, and one of the present 
authors (W J P) has recently met with both smooth and 
costate Dentahnac, of piinutive types, m the Penman of Western 
Australia We may also lefei to the recoid of a curved noclo- 
sanan under the name of Nodosaria ( Dcntahna ) faminen , fiom 
the Carboniferous Limestone of England (Howchin, 1888, p 11, 
pi ix , fig 21a, b) Except m the last-mentioned case, the 
dentahne forms occur together with the straight foims As we 
now find the microsphenc stage of Gcimtzma triangularis to 
begin with a gently curved series of chambeis, it seems that the 
straight forms were derived from curved forms It is also 
suggested that all are species of the Nodosarndae, and that this 
family evolved, not from a closely coiled ancestor, but from 
a cuived or openly coiled one, The closely coiled genera such as 
Leiiticulma and Rohulus are probably not primitive types, as has 
been thought, but a specialized development fiom an openly 
coiled one 

Since writing the above, we have leccived from l)r J IloTkei 
a copy of his work on the foranumfera collected by I)i Tli 
Mortensen during the Danish Expedition to the kei Islands in 
1922 (H'ofker, 19v33) On page 117 of this, we wete much 
interested to read, m his notes on Crhtcllana coslata (luchtel and 
Moll), the following “The first chambers of the nnciospheric 
shells show the peculiarity of being anangecl m a veiy slowly 
coiling spiral, not only in this species, but also in other ones of 
the genus Cnstellana This characteristic points to the possi¬ 
bility that this genus might descend from a form closely related 
to Nodosaria or something like that ( Marginuhna ?) This 
would be m agreement with the fact that such genera ate 
geologically older than Cnstellana ” 
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It appears to us, therefore, that Sptmdelina is one of the geneia 
of the Nodosamdae, and that the flattened foims placed m it 
by cUithms aie true Pnmdu ulariae SinnUtly we considei that 
the submenus Spandehntndes is inseparable horn Nodomna 
We ictam Gcmtlzina lot the dioit foims of Kiondieulaiian type 
with a slit-like apeitute, loi puiposes ot taxonomy, lmt it is cleat 
from oiu Western Australian material that, m regard to any 
points of distinction between the oiinitial conception of Lemilsma 
and Prondu itlana, the chaiacteis of tiansveise septation and 
median surface depiession aie not constant even in the one 
species, foi different paits of the same test will show Geinitzma, 
Gemitsma-Prondicitlana and Pi ondu itlana phases This vai la¬ 
bility is, as is well known, a special feature of the Nodosarndac, 
and has been responsible foi much of the difficulty expeiiencecl 
by authois m satisfactoiily separating the geneva of the family 


Revised Names of Foraminifera recorded in “A 
Monograph of the Permocarboniferous Limestones 
of New South Wales.” (Chapman & Howchin, 1905.) 

Formm< Nami Rmsrn Name 


Nubctulai ut Stephens} Howchin, p 
5, pi. l, Jigs 1, 2, pi in, figs 13, 
14, pi iv , tigs 1, 4, 

/V/mimr hemisphaenta Chapman & 
Howchm, p 6, pi u, figs 2a, h 
Ilvpenmimina vatjans Ihady, p 6 
pi. a, fig l 

Uaplophunimnim aqijhthnmw (tVOrb ) 

P 7, pl i, fig 5 

flaplophutqnunni emanatum Ihady, 
p 7, pl i, figs, 10a, b 
Ilaplophtaqmmm pokolbiense Chap¬ 
man & Howchin, ]) 7, pl i, fig 6 
Ifapiophi at/nnum cf, ienuimarqo 
Ihady, p 8, pl i , fig 11. 
Phuopstltmt t entitle xia Chapman & 
Howchin, p 8, ])\, iii„ hg h 
Liluola tiistellai Inidei Chapman & 
Ilowdim, p 9, pl. i, figs 3, 4, 
Uhiola cf. iliaehca (Chapman), j) 9, 
pl L, hg; 7, pl Hi, fig. 7. 

Pliant mmina papdlaUi Ihady, \u 9, 
pl n,, hg 13, 

Ammothstus tncerius (d’Oib), p 10, 
pl H., fig* 3 

Ammadistns mUeltianus % Chapman, 
p 10, pi ii, hg 3 

Ammochscus anccps (Brady), p, 11, 
pl ill,, hg 1 

Ammathscus f sp., p. 11, pl i, figs. 
12a~c, 

Stachcia simulant Chapman & How- 
chin, p. 11, pl. ii, fig' 4, 

Pndolhyra bowmani Phillips, p 12, 
pl. i„ figs. 13 a-c 


Calt ii amelia stephensi (How- 
chin) 

Pclosina hemnphaenta Chapman 
ik Howchin 

Tolypammina vaqans (Brady) 

Ammobacutiics vsp. 

Ilaplopludc/moides neat omianus 
(Chapman), 

Anmodistus nullethianus Chap¬ 
man 

Ammobaiuhtcs ? pseudoipiraVnt 
(Williamson) ? 

Plat opsiltna lenuilesta Chapman 

& Howclun 

Not a fmaminifcM 

Rudilaus sp. cf rhaetua (Chap¬ 
man), 

Thurammlna papiUata Ihady, 

Specimens not available foi re¬ 
vision, 

Ammochscus millet ha mis Chap¬ 
man 

T r o chamm t n aid e s anccht 
(Brady) 

Ammochscus ovahs Chapman 

Not a foraminifer, 

hndothyra cf, bowmani Phillips, 
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kndathyia ntacella Brady, p 12 
Manoqcncnna pvnunidis Chapman & 
Howchm, p 13, pi m, fig 5 
J alviihna ibulloides Biady, p 13, pi 
i, figs 9 a-t 

Buhvnna aflmts d’Oib, p 14, pi n, 

% 7 

J'lcui ostonn 11a ? antiqua Chapman & 
Howchm, p. 14, pi n, fig 5 
Lacjcna acuta (Reuss), p 14, pi m, 
fig 10 

Nodosaria pcrmiana (Spandel), p 
IS, pi n, fig- 6 

Nodosana ( Dentahna) cf^ farcuncn 
(Reuss), p 15, pi ii, fig 11 
Nodosana (Dentahna ) ? btadyi 

(Spandel), p IS, pi n, fig 12 
Nodosana ( Dentahna ) ld/biata 
(Spandel), p 16, pi m, fig 4 
F) onduulana woodioardi Howchm, 
p 16, pi in, fig 2 
Gcimtzma tnangnlans Chapman & 
Howchm, p 16, pi n, figs 9 a, b , 
10 

(rcimtsina posUai home a Spandel, p 

17, pi i\ , fig 3 

Lunucammma cf penmana Spandel, 
p 17, pi in, figs, 6, 12 
Matgtnulma cf bream (Terquem), 
p 17, pi ill, fig 11 
Vaqinuhna cf Icqumcn (Linne), p 

18, pi in, fig 8 

Anomahna supracaibomca Chapman 
& Howchm, p 18, pi i , figs 8 a-i 
Truncatuhna haidmgeri (d’Orb), p 
18, pi i3i, figs 3a~c 


Enduthvni macella Biady 

Nodosana pyiamidn (Chapman 
& Howchm) 

GlobmilviUma bulhndes (Biady) 

Lmyuhna dirndl , sp nn\ 

Nodosana ? antiqua (Chapman & 
Howchm) 

Not a forammifei (Xooeuum of 
poly/oan) 

Nodosana penmana (Spandel). 

Forammifer, gen et sp mdet, 

Dentahna biadyi Spandel 

Nodosana unnnemsis Howchm 

Ft onduulana woodmudi Iiow- 
cliiu 

(remit ana li mm/tihuts Chapman 
& l lowchin 

(r tixanijuhns Chapman & I low- 
chin 

Fig 6, J)cnlahna sp 

Fig 12, Gen et sp mdet 

Dentahna ? sp mdet. 

Pr onduulana ? sp mdet 

Specimen lost befote u vision 
undertaken 

Ammodiscus planoconvex a , sp* 
nov 


Systematic Notes on the Species. 

Family NODOSARI1DAE 
Genus Dentalina d’Orbigny, 1826 
Dentalina brady; Spandel 

Dentalina hradyi Spandel, 1901, p. 16, text-fig 9 
Nodosana (Dentalina) biad\n (Spandel) Chapman & llowehin, 
1905, p 15, pi n, fig 12 

No further examples of this species have been met with. 

Genus Nodosaria Lamatek, 1812 
Nodosaria jrwinensjs Howchm 
Nodosana irwinensis Howchm, 1895, p 196, pi. x, figs, 7, 8 
Nodosana (Dentahna) labiata Chapman & Howchm,, (non Denta¬ 
hna labiata Spanclel), 1905, p 16, pi m,, fig 4 

The only example available for the present tcvision is that 
figured from Pokolbin This is now found to be very finely 
costate, and is identical with the species described by one of us 
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(Wll ) nuclei the name of Nodosana tnvtnen&is, fiom the 
Permian of the ltvvm River, m Western Austialia The 
same foim is veiy common m beds of sinnlai age in the 
Wootamel Rivei chstiicl, also in that State While geneially 
perfectly straight, m a huge senes of specimens dentahne 
examples are usually met with The apeiltue of N nwineims is 
cucular, and situated at the base of a slight depiession Spandel’s 
Nodosana shialo-davala , fiom the Xeehstem of (Jetmany, is 
i elated to the ptesent lot in, 

Monos\RixV PMtXMinis (Chapman and Jlowchiu) 

Monoquicnna pvianndis Chapman & Howchm, 1905, p 13, pi m, 

Hr S 

Roi reasons which aie given eailier in oiu notes on Mono- 
genenna, we now transfer this species to the genus Nodosana 
It is known only fiom thin sections, no fiee examples having 
been met with 

Nouosaria (?) anti yuA (Chapman and Howchm) 

riciu aalnuu'lla * antiqua Chapman <k llowchin, 1905, p 1«4, pi u , 
Or. 5 

The piesonl species was ongmally leleucd, with some slight 
lcservation, to the genus Pleurosiomdla, to which it is now deal 
it cettamly does not belong. The geneuc position of this foim, 
which is icpiesented by a unique example is, howevei, still doubt¬ 
ful The fust three or font chambers of the type specimen ate 
laterally compicssed; the next is citctilar m section, while the 
remaining ehamheis ate flattened in a plane at light angles to that 
of the early poition of the test. The shell appeals to have been 
crushed, and the apertural end has been broken away The 
affinities of the species appeal to he with Nodosaria , to which 
genus, m the absence of bettei material, we doubtfully refer it, 

Genus Lingulina d’Orhiguy, 1826 
Linouuna OAVim, sp nov 

Ihdiinniu (tjjtnut Chapman & 11nwchin (non tl’Chbigny), 1905, 
p, hi, pi ii, Qr 7 

Description, 'Test rectilineal, suh-pyrifoim, slightly com- 
piessed, initial end acute, apertural end bluntly point eel, beginning 
with a small globular ptoloeuhun, followed by font or live cham¬ 
bers which increase rapidly in size as added, sutures distinct, 
slightly depressed in the latex part of the shell; wall calcareous, 
perforate, aperture radiate 

Length of holotype (m collection of Department of Mines, 
Sydney) 0 62 nun., longest diameter, 0,34 mm , shortest dia¬ 
meter, 0 26 mm., from Permian of Wollong, New South Wales 

Remaiks—Tins species is appamrtly the same as that pie- 
viousty recorded under the name of Dulimma affinis d’Orbigny 
The specimen then figured has unfoitunately been lost during the 
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revision, and before it was thoroughly examined The present 
specimen is a finer example which we have since picked out of 
the same sample, and we have no doubt it is the same species 
The genus Lmguhna has previously been recoided by Spandel 
from the Peimian (Zechstem) of Germany 
We desire to associate the name of the late Professor Sir T. 
W Edgeworth David, FRS , with this new form * 

Genus Ammodiscus Reuss, 1861 
Ammodiscus ovalis Chapman 

Ammodiscus ? sp Chapman & Howchin, 1905, p 11, pi i, figs. 
12 a-c 

Ammodiscus ovalis Chapman, 1913, p 170, pi xvi, figs 5 a, h 
This species was originally doubtfully referred to the genus 
Ammodiscus, but we have obtained some additional examples 
which confirm its identification by one of us (F C ) with A ovalis , 
described later by him from the Kahmnan (Lower Pliocene) of 
the Mallee Bores 

Ammodiscus planoconvexa, sp nov 

Tiuncatulina haidmgen Chapman & Howchin, (non Rotalma 
haidingcrt d’Orh), 1905, p 18, pi ui, figs 3 a-c 

Description—Test planoconvex, periphery sub-acute, prolo- 
culum large, tubular chamber increasing rather quickly m dia¬ 
meter, forming two to two and a half coils, obliquely flattened 
m section and on the convex side of the test overlapping the 
earlier coils, suture on fiat side depressed, wall comparatively 
thick, composed of small sand grains, firmly cemented, surface 
not smoothly finished, apertuie oblique, formed by the end of 
the tubular chamber 
Diameter, 077 mm , thickness, 0 25 mm 
Holotype (Collection of Department of Mines, Sydney), from 
Pokolbm, New South Wales 

Remarks —This is a very interesting well-defined species which 
connects Ammodiscus with Trochammma, having the form of the 
latter, but with the undivided tube of Ammodiscus The figured 
specimen is the only one that has been found 

Genus Tolypammina Rhumbler 1895 
Tolypammina vagans (Brady) 

Hyperammina vagans Brady, 1879, p 33, pi v, fig 3 Chapman & 
Howchm, 1905, p 6, pi, ii, fig L 

This species has not so far been met with elsewhere as a fossil 
in Australia It has a long geological history, beginning at least 
as far back as the Carboniferous The specimen figured from 

deep regret that we record the decease of Sir Edgeworth, while this paper in 
which he took a keen interest, wag passing through the presB ’ 
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Wollong resembles T confitsa 9 described by Galloway and 
Harlton (1928, p 344, pi xlv, fig 5), as Annnovettella 
? confusa from the Middle Pennsylvanian of Oklahoma, United 
States of Amenca 

Genus Calcitornella Cushman and Waters, 1928 
Calcitornella stephensi (Howchm) 

Cornuspva, sp nov Jones, 1882, p 6 

Nnbcculana lucijuga Defrance \ar stephensi Howchin, 1894, p 
345, pi xa, xi a 

N stephensi Howchin Chapman & Howchin, 1905, p 5, pi i , 
figs 1, 2, pi in, figs, 13, 14, pi iv, figs 1, 4 Etheildge, 
jnr, 1907, p 13, pi xn, fig 11 

This species belongs to the genus Calcitornella , descubed m 
1928 by Cushman and Waters from the Pennsylvanian and Per¬ 
mian of the United States of America The only occurrences of 
the genus outside America with which we are acquainted are 
those given above, and it is of much interest to note that this 
generic type was met with by Professor Rupert Jones as long 
ago as 1882, when he recorded it from the Piper River beds m 
Tasmania as £t a contoited porcellanous foraminifer (new species 
of Cornuspira) ” C stephensi is now known to occur m the Pei- 
nnan of New South Wales, Tasmania, Western Australia, and 
Northern Territory 

Genus Trochamminoides Cushman, 1910 
Trochamminoides anceps (Brady) 

Trochamnnm anceps Brady, 1876, p 76, pi m, figs 8 a, b, 

Aimnodiscus anceps (Brady) Chapman & Howchin, 1905, p 11, 
pi in, fig 1. 

Brady's description of this species indicates that it is referable 
to the genus Trochamminoides, the tubular chamber being 
merely constricted, and not truly septate The example figured 
from Pokolbm is the only one available, it is very typical 

Genus Haplophragmoides Cushman, 1910 
Hapiophragmoides neocomianus (Chapman) 

Haplopfaagvnum neoconuanum Chapman, 1894, p 695, pi xxxiv, 
figs 2 a, b. 

Haplophragmium emaciation Chapman & Howchm, (non H B 
Brady), 1905, p 7, pi i, figs 10 a , b. 

The specimens formerly recorded under the name of Haplo¬ 
phragmium emaciatnm Brady, from Wollong, are thin and almost 
complanate, and are now referred to the present species, which 
they closely resemble This was described from the Bargate 
Beds of Surrey, England 
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Genus Ammotoaculites Cushman, 1910 

Ammobaculites sp 

HitplopJuagmmm agglutmans Chapman & Howchm (non Spiro- 
hna agglutmans d’Orbigny), 1905, p 7, pi i, fig 5 

This species is lepiesented by a single example, which, while 
referable to the genus Ammobaculites, differs from A aggluti- 
imns m having a broader, less regular test, of quite diffeient 
foim In the absence of better defined material, we hesitate to 
attach a name to it 

Ammobaculites ? pseudospiralis (Williamson) ? 

Haplophiagmium cf tcnmmaigo Chapman & Howchm (non 
Brad} 1905, p 8, pi 1 , fig 11 

Only one example of this form is available, and a section is 
necessary to determine its generic position, hence we doubtfully 
refer it to the above genus and species, which it lesembles more 
than A tenuimargo 

Genus Ruditaxis Schubert, 1920 

Ruditaxis sp cf rhaetica (Chapman) 

Lituola cf ihaetua Chapman Chapman & Howchm, 1905, p 9, 
pl ij fig 7, pi m, fig 7 

The present specimens are referable to Schubert’s genus 
Ruditaxis The range of this is given by Cushman m lus latest 
classification as from Carboniferous to Permian, but it appaiently 
extends into the Triassic, as Lituola rhaetica Chapman, from the 
Rhaetic of England, belongs to this genus 

Genus Grlobivalvulina Schubeit, 1920 

Globivalvulina bulloides (Brady) 

Valvuhna bulloides Brad}, 1876, p 89, pl iv, figs 12-15 Chap¬ 
man & Howchm, 1905, p 13, pl i, figs 9 a-c 

The only example is from Wollong, but is typical The known 
range of this genus is Carboniferous to Permian 
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Art XI —New Species of a Crmoid ( Lecanocrinus ) and a 
Ccphalopod ( Opludioceras), from the Silurian of Yass 

By F CHAPMAN, ALS, F G S 

(Commons ealth Palaeontologist) 

AVith Plate X ) 

[Read 12th Jul>, 1934, issued separately, 22nd December, 1934] 

Introduction. 

The crmoid here described as Lecanocrinus breviarticulatns 
was presented many years ago to the National Museum by Mr 
A J Shearsby of Yass, who from time to time added many 
interesting and unique specimens to the Collections 

It was held over m the hope of discovering further specimens, 
but up to the present it remains unique It is the first occurrence 
of the genus m Australia 

The Cephalopod Opludioceras gibhni has also the distinction 
of being the first occurrence of that genus m Australia Although 
partially preserved as a cast, some of the fine ornament of the 
shell is still visible, enabling a more, precise diagnosis to be given 
than from a mere cast and mould Professor Giblin has pre¬ 
sented this and another unique Silurian specimen to the Com- 
monwealth Collection 


Class CRINOIDEA 
ORDER FLEXIBILIA 
Fam LECANOCRINIDAE 
Genus Lecanocrinus J Hall 
Lecanocrinus breviarticulatus, sp nov 
(PI X, Figs 1-6) 

Description of Holotype—Crown broadly ficiform in outline* 
but somewhat compressed, due to inclusion in shaly limestone, 
Height, 34 mm , greatest width, 31 5 mm Dorsal cup showing 
vestiges of two infrabasals, a basal (cf postbasal), a radial (1st 
left R), an upper plate, and the centrodorsal oi summit stem- 
joint, which is much thicker and wider than the adjacent 
columnals 

The mfrabasals are moderately small and unequal, the post- 
basal ( ? ) fairly large, apparently pentagonal, but not clearly 
defined on all margins , radials large, pentagonal, and more or 
less shield-shaped, faceted above and steeply sloping inwards, 
bearing broad low axillaries which are medially grooved on the 
ventral size, and visible where worn down Radianal hexagonal, 
apparently resting on the right upper truncated side of the post- 
basal, and between the left and right radials. Special anal slightly 
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larger than the rachanal and subrectangulai, resting on the post- 
basal, and supported between the right ( ? ) basal and the right 
postradial 

Arms dichotomous, twice branched, pinnules simple 
Bi actuals low and numerous, sutures crenulate, the lower having 
on the inferior surface toothed projections which fit into corre¬ 
sponding sockets m the adjacent ossicles Primibrachs 2, wide 
and low, secundibrachs about 6, gradually decreasing m height, 
distally, and one-lialf the width of the primibrachs Arms 
spirally mrolled at the distal ends, around the summit of the 
crown Summit of tegmen visible, showing a pentagonal 
( ?) madreporite with a distinctly perforated area, and connected 
with what is apparently a portion of the ventral tube 

Columns (preserved as hollow mould) roundly cylindrical, 
rather wide, average diameter about 5 mm , strongly curved, 
especially near the junction with the cup, 35 mm m length, so 
far as preserved, the distal extremity missing Stem-joints, as 
shown by a wax impression, very low, alternating, discoidal and 
flanged, with a minutely tuberculate surface The proximal 
joints are thinner, and consequently more numerous This 
character, by the way, appears to be more typical m the taxo- 
crimds 

Observations —This specimen, although not so perfectly pre¬ 
served as could be desired, shows a definite relationship with the 
genus Lecanocrinus, and may be compared m general features 
with L billingsx Angelm, which occurs m the Silurian of Gotland 
(Angelin, 1878, p 12, pi xxn , figs, 25, 25 a) It has a con¬ 
siderably larger crown than Angelin's species, more numerous 
lower arm-ossicles, and more distinctly granulated columnar 
joints 

Another genus which at first sight bears resemblance to the 
present specimen is Ichthyocnnus pynformis (Phillips) from the 
Wenlock Series of Dudley and Kendal (Cyathocrmites pynformis 
Phillips, 1839, p 672, pi xvn , fig 6, and Angelm, 1878, p 13, 
pi xvn , fig 6) 

The presence of a radianal and special anal plate m our fossil 
shows, however, that it cannot be leferred to that genus The 
tegmenal poition of the crown seems to have been previously un¬ 
observed m Lecanocrinus, and the same may be said for Ichthyo¬ 
cnnus (Wachsmith and Springer, 1869, p 256). Another 
feature m favour of placing our crinoid with Lecanocrinus is the 
regular size of the columnars throughout. From Euspirocnnus, 
which also has simple, dichotomous and inrolled arms, the pre¬ 
sent example differs m the heavily plated calyx, the narrower 
primibrachs, and the distinctly regular columnar joints 

Horizon and Locality — Silurian Hatton’s Corner, Yass, 
New South Wales. Collected by Mr A S Shearsby, FRMS, 
and presented to the National Museum, Reg No 13897 
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Class CEPHALOPODA 
Ordei NAUT1LOIDEA 
Fam OPHIDIOCERATIDAE 
Genus Ophidioceras Barrancle 
Ophidioceras giblini, sp nov 
(PI X, Fig 7) 

Description—Shell discoidal, m all but the last stage closely 
coiled, centially depressed, consisting of 5 whorls of which the 
last fifth of the outer whorl is free and reverted Whorls 
slightly compressed at sides Dot sum m region of body chamber 
compressed and widely concave, the surface transversely con¬ 
spicuously grooved and ciossed by threadlike longitudinal striae 
Aperture broadly Y-shaped, the ventral lobe being longer than 
the others The lateral lobes are piomment and thickly 
bordered Whorls costae, the libs sub-acute to sharp, closely 
arranged m the early stages, more widely spaced and prominent 
m the last two whorls, the outer whorl bearing 28 costae The 
shell surface is transversely striated, the striae (10 m intercostal 
area) reverted obliquely across the costae on the vential and 
dorsal 

Dimensions—Greatest diameter of shell, from the ventral tip 
to opposite side of the 5th whorl, 56 mm Diameter of shell 
across 4th whorl, 38 mm Approximate thickness of shell on the 
4th whorl, 7 mm ; ditto at aperture, 12 mm 

Observations —This is the first recorded occurrence of the 
genus Ophidioceras in Australia Although the fossil is pre¬ 
served m a hard, reddish-brown mudstone, it is not mferely a cast, 
for it shows the delicate ornament of the shell-wall as well as the 
original costation The fossil therefore represents a partial 
replacement of the test 

At first sight Ophidioceras gibhm might be confused with the 
shell figured by Etheridge, jun., from the same locality, named 
Cyclohtmtes bowmngensis (Etheridge, jun , 1904, p 75, pi vm ), 
but that the latter, besides having other characters which makes it 
generically distinct, shows about 36 costae on the stiongly 
depressed whorls In C bowmngensis , moreover, the whorls are 
closely wound, and strongly impressed against one another, whilst 
the hyponomic lobe is V-shaped rather than LT-shaped as m 
Ophidioceras gibhm The close coiling of the shell m Cyclo- 
htuites as distinct from the free and reverted termination of 
Ophidioceras, is a generic difference 

There, are apparently no very close affinities between 0 gibhni 
and the species of Ophidioceras previously described from 
England or Bohemia, to which countries the genus has lutheito 
been restricted 
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Opludioccras articulatam (Sow ) occurs m the Wenlock shales 
of Dudley and Ludlow (Litintes articulatus J de C Sowerby, 
1839, p 622, pi xi, fig 5, non fig 7) It is a small form never 
more than inches in diametei, having, howevei, the same 
number of annulations to the whoil, from 26 to 28 as compared 
with 28 m 0 gibluu O articulatnm differs from the present 
species m having compai atively straight costae on the lateral sur¬ 
face, wheieas m O gibhni they aie strongly recurved, especially 
in the earlier whorls The distinct tesselation of the surface in 
0 gibhni, which is especially well seen on the earlier whorls, is 
apparently absent m 0 artu ulatum 
The species Opludioccras tessellation Bairande, occunmg m 
the Silurian (Salopian) of Bohemia (Banande, 1867, p 186, 
pi xcvn, figs 13, 14, 16, 17, pars, and 19) resembles the 
present form m its fine suiface ornament, but it is smooth, and 
has fewer whorls, with only slightly curved costae 

Opludioccras radon ? Barrande has narrower whorls, and is 
more closely ribbed (Ibid , pi xlv , figs 13, 14, 16, 17, pars, and 
21 ) 

This unique fossil (hololype) is named in honour of Professor 
L F Giblin, D Sc , M C , M A , who piesented it to the Com¬ 
monwealth Palaeontological Collection (Reg No 63) It was 
discovered by Master Ian Filshie 

Horizon and Locality—Silurian (Bowmng Senes) Hatton’s 
Corner, near Yass, New South Wales 
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Fig 1 Letanoinnus bicwarticulatns, sp nov Nearly complete crown with 
arms and mould of stem Holotype Silurian. Hatton's Corner, 
Yass, N S. Wales Nat size 
Fig 2 Ditto, with plan of preserved plates Nat size 
Fig 3 Ditto Portion of arm m ventral aspect with interlocked brachials 
X 3 

Fig 4 Ditto Four brachials, more highly magnified X 5 

Fig 5 Ditto Proximal columnars showing low platy character X3 

Fig 6 Ditto Columnars of distal part of stem, with tuberculate surface 

X 5 

Fig 7 Ophidiocei as qibhm, sp nov Holotype Silurian Hatton's Corner, 
Yass, N S Wales Nat size 
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Art XII —The Palaeozoic Brittle-Stars of Victoria 
By ROBERT B WITHERS, BSc, Dip Ed, 
and R A KEBLE, F G S 

(Palaeontologist, National Museum, Melbourne) 

(With Plate XI ) 
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This paper completes the work of the authors on the Palaeozoic 
Stelleroidea, the results of their studies of the Asteroidea having 
been published m an earlier volume of these Proceedings 
(Withers and Keble, 1934) 

The known Victorian Palaeozoic brittle stars before this work 
was undertaken numbered only four, namely,— 

Species Reference 

Piotaster bnstngotdes Gregory Gregory, 1889 

Giegonura spryn Chapman Chapman, 1907 (l) 

Sturtzwa leptosomoides Chapman Ibid 

Palaeocoma sp Chapman, 1913 

The faunal list now comprises thirteen species Seven of 
these are entirely new, and two are species which have not 
hitherto been recognized m Victoria The remaining four are 
those previously described or recorded by Gregory and Chapman, 
but the nomenclature of these forms has been subject to revision 
The complete faunal list is now as follows — 


Form 

Horizon* 

LOC CLITY 

! Page 

cf Aganaster greganus (Meek 
and W or then) 

Carboniferous 

Mansfield 

; 207 

€repidosoma hnglakensis, sp 
nov. 

Mospcmdylus tenuis, sp nov 

Silurian 

Kmglake West 

200 

Silurian (Yarravian) 

Moonee Ponds 

206 

Pur caster baken, sp nov 

Silurian (Yarravian) 

Studley Park 

204 

P Hlmorenms , sp nov 

Silurian 

Kilmore 

205 

P leptosomoides (Chapman) . 

Silurian (Yarravian) 

Moonee Ponds 

206 

Oregonura spryi, Chapman 

Silurian (Yarravian) 

South Yarra 

107 

Hallaster parvus, sp nov 

Silurian 

Blue Hills, 

Taggerty 

203 

Lapworihura miliom (Salter) 

Silunan (including 
Yarravian) 

Moonee Ponds, 
and Kmglake 
West 

201 

L.pulchernma, sp nov 

Silurian (Yarravian) 

West Bruns¬ 
wick 

201 

Biurtzaster aff mitchelh , Ether- 

idge . 

Silurian (Yarravian) 

Moonee Ponds, 
and Melbourne 
(excavations) 
Moonee Ponds, 
and Parish of 
Yermg 

Parish of Yermg 

202 

Bturtzura bnsingoides (Gregory) 

Silurian (Yarravian 
and Yermgian) 

198 

Taeniachs yeringae, sp nov. .. 

Silurian (Yermgian) 

199 



Palaeozoic Brittle-Stars 


1 97 


All the above species are classed m Schondorfs group the 
Auluroidea, true Ophiuroidea of Palaeozoic age being rare here 
as elsewhere As with the Asteroidea, Victoria is practically 
the only Australian locality for Palaeozoic Brittle Stars 
Sturtzastcr ( ? ) mitchelli Eth fil (Etheridge, 1899) from the 
Silurian beds of Bowmng, New South Wales, is the only 
exception 

The best pieservation of these forms is found m sandstone, 
though the cast has a negative charactei Several are preserved 
in mudstone, and one in limestone In some cases the ossicles 
are represented by films of limomte on the rock This is the 
case with the type of Gregonura spryi Chapman, and makes the 
interpretation of structure a difficult matter The matenal was 
again obtained chiefly from the National Museum, Melbourne, 
and the Museum of the Geology School, Melbourne University. 

We are indebted to Dr E S Hills foi the loan of specimens 
of Hallaster parvus , sp nov , from the Silurian of Blue Hills, 
Taggerty, and to Miss Irene Crespm and Mr F Chapman for 
generously placing at our disposal the only Carboniferous species 
recorded, cf Aganaster gregarms (Meek and Worthen), from 
Mansfield This is the only species which is not of Silurian age 

A note should perhaps be added on the locality of ceitam 
of the specimens from the neighbourhood of Melbourne The 
terms “ Flemmgton ” and “ Moonee Ponds ” were both used by 
the early Geological Suivey for the one locality (B8) The 
term “ Union St Cliff ” is also identical 

The classification adopted, as with the Asteroidea, is that of 
Schuchert (1915), with additional genera later erected by 
Spencer (1914 et seq ) To both these works we again record 
our veiy deep indebtedness 

Sub-Class AULUROIDEA Schondorf. 

Order LYSOPHJURAE Gregory 
Family PROTASTERIDAE Miller 
Genus Gregoriura Chapman 
Gregoriura spryi Chapman. 

1889 Protasto bnsmgoides Gregory Gcol Mckj (3), vi, pp. 

22-24, text-fig 3 (not text-figs 1 and 2) 

1907. Gregoriura spryi Chapman Pioc Roy Soc Vic (ns), xix , 
p 5, pi vi., fig 1, pi vin, figs 1-3 
1915 Giegoriuta spryi Chapman Schuchert, Bull 88, U,S Nat . 
Mus, p 233 

This species is the genoholotype and only species of the genus 
For notes on the identity of certain specimens of Protaster 
bnsmgoides Gregory with the above form, see under Sturtzura 
bnsmgoides 

Associates — Caractacaster yarraensis , sp nov , Petraster 
angustior, sp nov Brachiopods, pelecypods, tnlobifes, &c 

Horizon—Silurian (Yarravian Series) 
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Locality —South Yarra, Victoria Type specimen No 9105 
in National Museum, Melbourne Collected and presented by 
F P Spry 

Family PALAEOPHIURIDAE Gregory 
Genus Sturtzura Gregory 
Sturtzura brisingoides (Gregory) 

1889 Piotastci bitsingoide ? Gregory Geol Macj (3), vi,pp 22-24, 
text-figs 1, 2 (not text-fig 3) 

1897 Sinitzina bitsingoide^ (Gregory) Prot Zool Sac London 
foi 1896, p 1034 

1907 Piotastn bnsingoidcs Giegory Chapman, Pioc Roy , Soc 
Vic (ns ), xix, p 22, pi vi, fig 2, pi vm, fig 2 

1914 Sturtzma bnsinqaides (Gregoiy) Schuchert, Fossthum 

tatalogus Ammalia, pt 3, pp 35, 41, 42 

1915 Stuiiziua brisingoides (Gregory) Schuchert, Bull, 88, US 

Nar Mils , p 236 

1927 5* brisingoides (Gregory) Spencer, Monogiapli of British 
Pal Asterozoa, 1 7cm Pal Sot foi 1925, p 366 Text-figs 
232b, 233 b 

A good deal of confusion has arisen over the nomenclature 
of this genus (vide Spencer, loc cit sup}a, p 365) The 

original material from Moonee Ponds was described by Gregory 
m 1889 as a species of Protaster In 1897, he made it the type 
of the new genus Sturtzura The next investigator was 
Chapman, who, woikmg in Australia on a large collection of 
similar material m 1907, showed that the genus Sturtzura had 
been founded on nnsmterpietation of the specimens Chapman 
showed that the specimens were negatives of the original foim, 
and that the true structure was that of Protaster, the genus in 
which Gregoiy first placed it Spencer, investigating the type 
material m the British Museum m 1927, re-mstituted the name 
Sturtzura , apparently legaiding the ossicles as sufficiently dis¬ 
tinct from Protaster to warrant this His figures make it clear 
that he appreciates the negative character of the specimens. 
We have therefore followed hnn in reverting to Sturtzura We 
think however that he has misinterpreted parts of Chapman's 
work It is not correct to say that “ Chapman decided that 
Gregory's specimens represented more than one species ” 
(p- 365), Chapman merely renamed Gregory's specimens fiom 
the Silurian of Moonee Ponds as P brisingoides, which is the 
first species he refers to m his 1907 paper The second species 
(described as 'Gregonura spryi) was not known to Gregory, 
the specimens being discovered at a later date and from a 
different locality, though from the same horizon Neither did 
he know the third species, Stwtzura leptosomoidcs, though 
from the same locality and horizon as P brisingoides Mr 
Chapman, m a personal communication, states he would not be 
prepared to identify Gregory's figure 3 (which is of mouth part 
only), with Gregonura spryi, for he has found considerable 
variation in the mouth part of S brisingoides As, however. 
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Di Spencer lefers to a difference m the vertebia of the type 
specimens on which figure 3 is based compared with those for 
figuies 1 and 2, we must leave that point to him 

S' bnsingoides has no real relationship with Furcaster lepto- 
soma (Salter), which was named by Giegory Stiutzura lepto- 
joma , noi with the corresponding Australian species, Stiutzura 
leptosomoidcs Chapman The differences between Furcaster 
leptosowoidcs and Sturtziua bnsingoides were clearly brought 
out by Chapman m 1907 ( loc cit , pi 8) 

Associates— Pctrastcr smytlu McCoy, Promopalacaster inert- 
dwnalis (Etli fil ) , Camarotocchia dcccmpluata (Sow), &c 

Horizon—•Silurian (Yarravian Series) 

Locality—Near Flemmgton, Victoria 

Family TAENIACTINIDAE Spencer 
Sub-Family T AENI ACT IN AE Spencei 
Genus Taeniactis Spencer 

Taeniactis yeringae, sp nov 
(Text-fig 1 ) 

1913 Uiastoclla sp Chapman, F, Aust Assoc Adv Sci , xiv, 
p 223 

Description—Five long slender and slowly tapering aims 
ladiatmg from a circular disc The plates of the disc vaiy m 
both size and shape, and are irregularly ai ranged The boun¬ 
dary of the disc is convex, but this may be due to post-mortem 
distortion For the same leason, the oiigmal size of the disc 
is uncertain Ambulacral plates opposite and quadrate with 
a prominent ridge bordering the thread-like ambulacral channel 
and a less prominent tiansveise ridge situated medially The 
two ridges thus form a T Adambulacials elongate, sub- 
rectangular and tumid, outer edge slightly concave, inner edge 
bearing a prolongation opposite the transverse ridge on each 
ambulacral The point of attachment of a spine can be seen 
on the outer edge of some of the adambulacrals Mouth angle 
plates elongate and tuived Apical side unknown 

Dimensions —Greatest length of arm preserved 17 mm.; 
apparent radius of disc 6 mm 

Remarks —This interesting form is the first stelleroid described 
m the Yeringian series of the Victorian Silurian The two 
specimens on which it is based were discovered by the Geo¬ 
logical Survey of Victoria m 1862 They were referred to by 
Chapman (1907 (i), p 23), and recorded by him m 1913 (p 
223), as Urasicrclla sp The airangemcnt of the ossicles, how¬ 
ever, and the existence of the central disc free from the arms 
class the form as a brittle star The elongate adambulacrals, and 
the subquadrate ambulacrals, with the T-shaped ridge, show 
close relationship with the Wenlock species Taeniactis wenlocki 
Spencer, from Pentland Hills, Scotland (Spencer, 1927, p 
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380, pi xvn, figs 4, 5, text-figs 245-247) T yenngae is a 
larger foim with slightly stouter adambulacrals There aie also 
differences m the disc structure The boundary m T wenlocki 
is concave, but in T yenngae it is convex Little dependence 
can be placed on this, howevei, foi it has been largely detei- 
tmned by post-moitem distoition 

Horizon —Silurian (Yermgian Series) 

Locality—Section 12, Pansli of Yermg, Geol Sttrv, Locality 
B15 Specimens m National Museum, Melbourne, Nos 13827 
(holotvpe) and 13828 (topotype). 

Family ENCRINASTERIDAE Schuchert 
Sub-Family EUZONOSOMATIDAE Spencer 
Genus Crepidosoma Spencer. 

Crepidosoma kinglakensis, sp nov 
(PI XI, fig 3 Text-figs 2, 3 ) 

1933 Palaeastcr sp nov (nomen nudum), Witheis, Pioc Roy Soc 
Vic (ns ), xlv (1), p 21 

Description —Five short straight arms, broadest at disc 
margin, thence tapering to a finely drawn-out extremity Disc 
circular, relatively large, extending about one-third of the dis¬ 
tance along the arms, margined by a ring Of rectangular plates 
with convex suifaces, at least six plates m each interradius 
Orally, the ambulacrals are elongate rectangular, apically they 
are quadrate Adambulacrals convex, large, almost elliptical 
m shape, except that extremities are angular, with major axis 
inclined to axis of arm Mouth frame composed of long slender 
bars m apical view, but orally they appear stouter 

Dimensions —Holotype, R = 10 mm , r = 2 5 mm 

Remarks —The specimems comprise a negative of the oral side, 
very well preserved (liolotype), and one of the apical side, m 
which the arms are incomplete but the mouth frame shows clearly 
(paratype) All the essential features of Crepidosoma are 
present, but our species is only half the size of the correspond¬ 
ing Wenlock species of Scotland, Crepidosoma wenlocki Spencer. 
(Spencer, 1930, p. 430, pi 27, figs 1, 2, 7; text-figs 276, 277) 
C wenlocki has only three marginal plates in each mterradius 
Otherwise the British form shows very close correspondence to 
the Australian 

Associates — Lapworthura miltoni (Salter), Schuchertia 
junori Withers and Keble; Rutroclypeus junon Withers 

Horizon —Silurian 

Locality—Collin’s Quarry, Kmglake West, Victoria Speci¬ 
mens presented to National Museum by their finder, Mr P. 
Junor. Nos 13831 (holotype) and 13832 (paratype) 
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Order STREPTOPHIURAE Bell 
Family LAPWORTHURIDAE Gregory 
Genus Lapworthura Gregory 

Lapworthura miltoni (Salter) 

(PI XI, fig 4) 

1925 Lapivoithura miltom (Salter) Spencer, Mem Pal Soc, pp 
302-309, pi i , figs 9, 10, pi xix, figs 3-6, pi xx, 

figs 2, 3, pi xxi, figs 7, 8, Text-figs 175, 188-191, 

203-205 

The full synonymy is given in the above paper Two speci¬ 
mens are known from Victoria One (from Kmglake) is a 
mould of the oral side pieserved in a hard greenish sandstone 

Only one arm is fully preserved, and this is about 2 5 cm in 

length In England, the form ranges from the Upper Ordovician 
to the Ludlow, the Ordovician specimens generally being smaller 
than the Silurian The Kmglake specimen is nearly as small 
as the minimum size known from the Oidovician The second 
specimen (from Moonee Ponds) is a single incomplete arm 
3 cm in length 

Associates —Schuchertia junori Withers and Keble, Rutro - 
clypeus junori Withers (Kmglake) , Promopalaeaster men - 
dionahs (Eth fil) , Peiraster smythi McCoy, &c, (Moonee 
Ponds) 

Horizon—Silurian, also Silurian (Yarravian Series) 

Locality—Collin’s Quarry, Kmglake West, Victoria The 
specimen (No 13833) was found by Mr P Junor and donated 
by him to the National Museum, also known from Moonee Ponds 
Creek (Specimen No 1035, Geology School, University of 
Melbourne) 


Lapworthura pulcheriuma, sp nov 
(PI XI, figs 1, 2 Text-figs 4, 5 ) 

Desciiption—Five short flexible petal old arms Apically the 
arms have a prominent double row of alternate ambulacrals 
forming a central ridge Each ossicle closely resembles a 
knuckle-bone, it is quadrate with concave boundaries, the outer 
lateral concavity being the deepest, and has a broad, well-marked 
transverse groove Orally, the ambulacrals are boot-shaped, 
the lateral distal corner being deeply excavated for the ventral 
longitudinal muscle Adambulacrals viewed from apical side 
elongate sub-rectangular, and set obliquely to axis of the arm 
The proximal edge of the rectangle is modified so as to rise 
to a low point in the middle The outer end of the adam- 
bulacral is tapered Orally the ambulacrals are more slender 
than apically, and are approximately L-shaped The L consists 
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of a sharp ridge set obliquely to the ambulacrals, joined laterally 
to a stouter piece making an obtuse angle with the first Attached 
to the lattei are slender, oblique spines of length about equal 
to adambulacrals Frame composed of nanow and high mouth 
angle plates 

Dimensions—Syntypes —Length of arm, 10 mm , maximum 
width of arm (in middle), 3 mm , diameter of oral pentagon, 
2 5 nun 

Remaiks—In size, and in the petaloid form of the arms this 
species is like Fiinastn Icptosomoidcs (Chapman), which is 
iound m neighbouimg beds The subquadrate shape of the 
ambulacrals (m apical view) clearly indicates however that it 
is Lapzvorthm a Fuither the aims are relatively flat, the mouth 
structure not sufficiently acute for Fur caster and the spines not 
parallel with the arms From Lapzvorthura miltom, the only 
other species of this genus, the form is distinguished by the more 
transverse side shields, and the petaloid arms L miltom ranges 
from the Upper Ordovician to the Ludlow m Great Britain 

Associates— Cyphaspn spryi Gregory, hntrinunis ( Cronins ) 
spr\n Chapman Less than a quarter of a mile away the types 
of Furcastcr lepiosomoides (Chapman) , Sturtzura bnsmgoidcs 
(Gregory) , Petraster smytlu McCoy were obtained 

Honzon—Silurian (Yarravian Series) 

Locality—Dawson-stieet, West Brunswick, about ^ mile 
north of the Geological Survey of Victoria Locality “ Fleming- 
ton” (B8) Specirpen found by D McCance, Esq, and now m 
Museum of Geology Department, University of Melbourne 
Syntypes —No 1157, apical specimen; and No 1500, oral 
specimen (counterpart) 

Genus Sturtzaster Etheridge. 

Sturtzaster aff mitchelli Etheridge 
1913 Palacocoma t»p Chapman, Aust. Assoc Adv Sci, xiv, p 214 

The name Sturtzaster was proposed by Etheridge (1899, p 
129) for the genus Palacocoma Salter (1857, pp 324-327) 
The latter name, he pointed out, had already been used by 
d'Orbigny (1850, p 240) as a new generic name for Ophmra 
mnllcn Phillips, a distinct type of brittle-star from the Lias 
Palaeocoina marstom Salter has become the genotype of Sturts - 
aster The genus has a large disc which has caused some 
authors to place it among the Asteroids, but the long slender 
spines and the ambulacral characters show it is an Auluroid 
The two Victorian specimens are not well preserved, but they 
both have a large disc, subquadrate ambulacials, large quadrate 
adambulacrals, and long spines on the margins of the disc and 
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arms These features are sufficient to show a relationship with 
Sturtzaster ( ? ) mttchelti Etheridge, though we have not been 
able to examine the type specimen of the lattei T ( p ) mitchelli 
occuis in the Silurian (Wenlock) beds at Bownmg, NSW 

Horizon—Siluiian (Yarravian Series) 

Locality —Swanston-sti eet, Melboui ne (excavations), No 
13835, presented by Mr F P Spry Also Moonee Ponds, No 
13836 Both specimens m the National Museum, Melbourne 


Genus Hallaster Sturtz 
Hallaster parvus, sp nov 
(PI XI, fig’s 5, 6 Text-figs 8, 9 ) 

1929 Tacmastci ( 5 ) afT spinouts Billings E S Hills, Pi oc Roy 
Soc Vic (ns), xli, p 179 

Description—A small species with five short, petaloid arms 
Only faint traces of the central disc preserved Orally the arms 
are high, and have two central columns of sub-quadrate plates 
with the outei distal side scooped so as to resemble a stout boot 
The side plates aie first nanow then bioader, slightly curved and 
set obliquely to the axis of the aim No spines were obseived 
Apically the ambulacral plates unite m a low central ridge 
They are sub-quadrate Side plates similai to apical view 
Dial armature made of stout sub-triangular plates, but not well 
pieserved 

Dimensions —Syntypes —R = about 5 mm , r, indeterminate 

Remarks—The species bears quite a stiong lesemblance to 
Tacnuister spmosus Billings (Billings, 1858, p 81, pi 10, figs 
3 a-d, Schucheit, 1915, p 219, pi 36, fig 1, text-fig 17) , but 
is distinctly smaller The ambulacrals m apical view, and the 
side plates aie also stoutei In these lespects T parvus re¬ 
sembles Hallaster cylindrical (Billings) (Spencer, 1925, p 291, 
pi 19, figs 1, 2, pi 21, figs 1-5, text-figs 178 179, 198-201), 
ongmally descubcd by Billings as racmaster cyhndricus 
H cyhndricus exhibits the asteioicl-hkc oial ai mature which is 
a lather striking feature of our species This structure is not 
well pieserved, so that the exact details cannot lie made out 
If is also possible that the stout appearance is due to a fore¬ 
shortening of the plates (Spencei, loc at , p 294) 
T sptnosus occurs m the Middle Ordovician (Trenton Lime¬ 
stone) , H cyhndricus is found m Canada, USA, and Scotland, 
and ranges from the Middle Ordovician to the Lower Devonian 

Associates — OrtJns (Dalmanella ) testudinaria Dalman, 
Coleolus cf actculum J Hall, &c 

Horizon —Silurian 
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Locality—Blue Hills, laggeity Specimens (counterparts) 
collected by Dr E S Hills m 1929, now m collection of Geo¬ 
logical Department, University of Melbourne Syntypes Nos 
792 (oral), No 793 (apical) 

Genus Furcaster Sturtz 

FURCASTER BAKERl, Sp 110V 
(PI XI, figs 9, 10 Text-figs 10, 11) 

Description—Five small flexible aims emanating from a small 
central disc and tapering only slowly The oral aspect of arms 
shows a central iow of alternating hatchet-shaped ambulacrals, 
the broadest part of each ambulacial adjoining the median line 
of the arm Adambulacrals sub-rectangular but tapering laterally, 
ai ranged obliquely with outer tips pointing distally Apically 
the ambulacrals are much excavated, for the most part they 
are thin slabs laid end to end The only prominent pait is a 
ridge which broadens near the axis of the aim Adambulacrals 
m apical view appear as elongate tapering plates bordering the 
aim, each with a lateral process opposite the ridge on the corre¬ 
sponding ambulacral Mouth frame not preserved Spines on 
side plates not observed 

Dimensions —Syntypes —Greatest length of arm, 7 mm , 
gieatest width of arm, 1 5 mm Diameter of oral pentagon 
about 3 mm 

Remarks—The specimens comprise the mould of the oral 
side m sandstone, and its counterpait which is a mould of the 
apical side Apically the ambulacrals resemble closely those of 
Furcaster leptosoma (Salter), from the Lower Ludlow of 
England (Spencer, 1925, p 320, text-figs, 211), the chaiacter- 
lstic median ridge being cleaily discernible Orally they differ 
from all other species of Furcaster In place of the typical 
boot-shape, they are hatchet-shaped, that is, the excavation for 
the dorsal longitudinal muscle eats into the proximal edge of one 
ossicle and the distal edge of the adjoining ossicle, instead of 
into the distal edge of each ossicle The ossicles of F bakcri 
are thus a link between those of Hallastcr or Lapzvorthura and 
those of the typical Furcaster F bakeri is smaller than 
F leptosomoidcs (Chapman), and smaller again than F kil- 
morensis; and its arms are not petaloid as m these two species 
It is distinguished from Lapzvorthura pulcherrima, sp nov by 
the absence of the long oblique spines (of generic importance), 
the more excavated ambulacrals, and its smaller size The arms 
have been preseived m an attitude indicative of its wriggling 
mode of progression An unpaired arm is thrust out to the 
rear, and this has to either side, first a slightly curved arm, and 
then one of the forward arms strongly retroflexed (see PI XI , 
figs 5, 6). 
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Associates—Fossils from the same locality, though not the 
same bed are Camarotoeclua dccemphcata (Sow ) , Monographs 
thimacra , M roomers M colonns, M vanans (all Ludlovian ) 

Horizon —Silurian (Yarravian) 

Locality—East side of new Yana Boulevard, vicinity of 
Light’s Falls, Studley Paik The specimen was not m situ Col¬ 
lected by G Baker, Esq Museum of Geology School, University 
of Melbourne, Nos 1498 (oial), 1499 (apical) 


Furcaster kilmorensis, sp nov 
(PI XI, fig 8 Text-figs 6, 7) 

Description—Five modeiately long arms, orally, when the 
gioove is open, they are petaloid, but apically they are straight 
and slender The oral surface is composed of two rows of 
boot-shaped ambulacials, arranged slightly alternately The 
back of the boot faces proximally, the toe distally Adarn- 
bulacials rectangular, with a pionnnent p"-shaped ridge The 
horizontal poition of the ridge is first thin, becoming stouter as 
the lateral poition is appioached The latter, which is directed 
distally, is both thick and prominent No spines were observed 
Apically the ambulacrals form a high ridge, they appear sub¬ 
quadrate with the median and lateial boundaries concave, the 
adambulacrals are also quadrate, and bear a prominent ridge 
similar to that seen orally Mouth frame petaloid and acute, 
made of five pairs of first ambulacrals surmounted by five pairs 
nf slender mouth angle plates 

Dimensions—Holotype —Length of complete arm-, 20 mm , 
gieatest width of arm, 2 5 mm (gioove open) Paratype 
Width of arm, 2 mm , diameter of oral pentagon, 4 5 mm , 
aims incomplete Other specimens are only slightly smaller or 
slightly larger 

Remarks—The holotype is a preservation of the oral side with 
the groove wide open, the paratype shows the apical side, in¬ 
cluding an excellent view of the mouth parts Furcaster 
kilmorensis is a larger species than F leptosomoides It most 
closely resembles F leptosoma (Salter), which is found m 
Great Britain and Europe m rocks of Upper Ordovician to 
Carboniferous age Orn specimens, however, are most like 
those from the Lower Ludlow beds of England, which they 
resemble m size and disposition of arms. They differ m having 
petaloid arms, m lacking the thin transverse lidge on the ambula¬ 
crals, m the alternate arrangement of the latter and m con¬ 
sequence the absence of the well-marked hollow between apical 
halves of the vertebral ossicles 
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Associates—The specimens come from the same chstuct as 
Salterastcr schvym (McCoy), and Salteraster biradiahs Witheis 
and Keble, but not the precise locality, for the matnx is a yellow 
sandstone, while m the latter cases it was red 

Hoi izon —Silurian 

Locality—Kilmore, Victoria Collected and piesented by G. 
Sweet, Esq, to National Museum, Meibomne Holotype No. 
13829, paratype No 13830 

Furcasier leptosomoides (Chapman) 

1907 Shut cm a leptosomoides Chapman Pioc Roy Soc Vtc . 
(ns), xix, p 26, pi \n, figs 1, 2, pi vm, fig 4 

The genus Furcaster was erected by Sturtz m 1886 to receive 
a species (F palaeozoicns ) from the Lower Devonian of Ger¬ 
many Since then, membeis of the genus have been recorded 
from horizons ranging from the Lower Silurian to the Lower 
Carboniferous m England, Europe, and America The form 
is extraordinarily variable m size, and as a result has been 
described under a number of generic and specific names In 
1925, however, Spencer (pp 312-326) made an exhaustive study 
of the genus, and among other things, placed Siurtzura leptosoma 
(Salter), m the genus Furcastcr Hence the change m name in 
■ihe Victorian form, which is ceitamly congeneric with Saltei’s 
species from the Lower Ludlow 

Associates —Fctrastn svtythi McCoy, Promopalacastcr 
mendionahs (Eth fil ), &c 

Horizon —Silurian (Yarravian Series) 

Locality—Moonee Ponds Creek, Flemmgton (Geol Surv * 
Locality B8) 


Family EOLUIDIIDAE Gregory 
Genus Eospondylus Gregory 

EObPONDYLUS 1ENUIS, sp 110V 
(PI XI, fig 7 Text-fig 12) 

Description—Arms five, flexuous, exceedingly slendei Each 
half of a vertebra has the appearance of a long boot, the back 
of the boot facing towards the tip of the arm Side plates very 
small, and round, close to vertebrae, and bearing long slender 
spines set almost at right angles to axis of the arm Disc 
probably large, consisting ot squamose granulate plates Mouth 
frame large 

Dimensions—Length of arms uncertain, the parts preserved 
projecting little beyond the disc Radius of disc (approxi¬ 
mately), 7 5 mm ; width of arm, 1 mm 
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Remarks ■—The specimen comprises pait of a disc and portions 
of each aim (oial side) The only species oi the genus Eospon- 
dylus known from elsewhere is E pnmigemus (Sturtz), from 
the Lower Devonian of Bundenbach, Germany (Spencei, 1925, 
p, 309, pi 21, fig 9, text-figs 206 a-e ) E pmmgenius is a 
laiger species than E tenuis , the ventral ossicles are stouter, 
and the side plates more prominent 

Horizon—Silunan (Yarravian Series) 

Locality —Moonee Ponds Specimen found by Di E S 
Hills m 1926, now m the collection of the Geological Depart¬ 
ment, University of Melbourne, No 1497 Holotype 

Family AGANASTERIDAE Sturtz 
Genus Aganaster Miller and Guiiey 
cf Aganaster gregarius (Meek and Woithen) 

1915 Aganaster gteganas (Meek and Worthen) Schuchert, Bull, 
88, US Nat \Ius , p 264 

1925 Aganaster greganus (Meek and Worthen) Spencer, Mon Pal 
Asterozoa, pt 6 Mem Pal Sol for 1922, p 285, pi IS, 
fig 3, pi 20, figs 4, 5, 6, text-figs 194, 195 

The Victorian specimens of this foim aie poorly pieseived 
m a hard chocolate sandstone Five veiy slender arms radiate 
from a small cential disc The aim structuie consists of a 
double row of lectangulai to sub-quadrate plates, as m 
A gregarius Another charactei which assists m identification 
is the gregarious nature of the form In many British and 
Ameiican specimens the rock is ciowded with a laige number 
of small foims In our specimen there are thiee tiny forms 
not more than an inch away from each other 

The Ameiican examples are fiom the Keokuk formation 
(Lower Carboniferous) of Indiana, USA The disc m these 
specimens vanes from 3-7 mm, and the longest arm is 15 mm 
The British specimens, from the Lower Caibomterous of 
Ardross, Fife, are smallci (R i 6 mm , 1 mm maximum, 
with many specimens only half as laige) 

This is the first stelleroid identified from the Victorian 
Caibonifeious 

Dimensions—Maximum length of aim pieserved, 3 5 mm , 
diameter of disc about 1 mm 

Horizon —Carboniferous 

Locality—At back of homestead, Mamdample Park, Mans¬ 
field, Victoria The specimen was discovered by Miss Irene 
Ciespm, B A , and presented by her to the National Museum 
No 13834 
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Explanation of Plate XI. 

(Note —All specimens of Silurian age, except Aganastc ? (Carboni¬ 
ferous) ) 

Fig 1,—Lapworthura pulchemma, sp nov Apical side of syntype 
X 15 West Brunswick Coll by D McCance, Esq Mus of 
Geol School, Univ of Melb, No 1157 

Fig 2 .—L pulchemma, sp nov Oral view of syntype X 1 5 West 
Brunswick Coll by D McCance, Esq Mus ot Geol School, 
Umv of Melb, No 1500 

Fig. 3 —Creptdosoma kmglakensis, sp nov Oral view of holotype 
X 25 Kmglake West Coll by P Junor, Esq Nat Mus 
Coll, No 13831 
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Fig 4 —Lapzuorthwa miltoni (Salter) Oral view X 2 Kmglake 
West Coll by P Junor, Esq Nat Mus Coll, No 13S33 

Fig 5-— HaJlasto patvns, sp nov Oral view of syntype X 45 Blue 
Hills, Taggerty Coll by Dr E S Hills Mus of Geol School, 
Umv of Melb, No 792 

Fig 6— H paivus, sp no\ Apical view of sjntype X 45 Blue 
Hills, Taggeit> Coll bj Dr E S Hills Mus of Geol School, 
Umv of Melb, No 793 

Fig 7— Eospondylm tenuis, sp nov Oral view of holotype X 4 
Moonee Ponds Coll by Dr E S Hills Mus of Geol School, 

Unn ot Melb, No 1497 

Fig 8 —Fut castci kilutotensts, sp nov Oral view of holotype X 15 
Kilmore Coll by G Sweet, Esq Nat Mus Coll, No 13829 

Fig 9— Fw caste) baken , sp no\ Oral view of syntype X 1 Studley 
Park Coll by G Baker, Esq Mus of Geol School, Umv of 

Melb, No 1498 

Fig 10— F baken, sp no\ Apical view of syntjpc X 1 Studley 

Park Coll by G Baker, Esq Mus of Geol School, Umv of 

Melb, No 1499 


Text Figures 1-12 

(1) Taemacti ? yermgac, sp nov Oral view 7 of mouth structure, disc, 
and part of arm X 31 (2, 3) C) epidosoma kinglakcnsis, sp nov (2) 

Oral view o± mouth structure, disc and part of arm X 3i (3) Apical 
view of same X 3^ The oral groove is closed so that side plates have 
moved almost entirely to that side (4, 5) Lapzvcnthuia pulchernma, sp 
no\ (4) Apical view of arm X 5 (5) Oral view of mouth paits and 

portion of arm, with spines X 9 (6, 7) Fw caster kihnoj enns, sp nov 

(6) Oral view of part of arm and mouth structure (latter imperfect) 
X 7 (7) Apical view r of mouth structure and part of arm X 7 Figured 

from paratype—No 13830 Nat Mus, Melb , of which no photograph is 
given (8, 9) Hallaster paivits, sp nov (8) Oral view of mouth structure 
and part of arm X 17 (9) Apical view of same X 17 (10, 11) 

Furcaster bakeri, sp nov * (10) Oral view of mouth structure and part of 
arm X 14 (11) Apical view of same X 17 (12) Eospondyhts tenuis, 

sp nov O al view of mouth structure and part of arm X 14 
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Art XIII— The Muckleford Fault in the Guild f or d-Strangways 
Area (near Castlemame , Victoria ) 

By D E THOMAS, B Sc 
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I. Introduction and Acknowledgments. 

The Muckleford Fault was postulated by Harris and 
Thomas (9) as a north and south fault which m the area between 
Castlemame and Newstead separates Lancefieldian beds on the 
west from Darnwilian on the east Owing to the nature of the 
country the line of fault can be traced only appi oximately m the 
field, though the palaeontological evidence m support of it is 
strong. North-west of Guildford, however, excavations by the 
Guildford Plateau Mining Company exposed a fault which was 
noticed by the Director of Geological Survey (Mr W Barag- 
wan&th) who drew my attention to it My thanks are due to 
Mr Baragwanath for the opportunity of studying the occurrence 
I am also indebted to Mr G G, Dunstan for much general infor¬ 
mation ; to Mr Ray, the manager of the mine, for many acts of 
kindness during the progress of my work, and lastly to Dr W J 
Harris, who placed his knowledge of the graptolites of the area 
at my disposal 


II. Physiography. 

The area north of Guildford consists of a basalt plateau (Fig. 
1) about 900 feet above sea level, with steep and—in places— 
precipitous slopes to the two lateral streams, the Loddon River 
on the south and the Muckleford Creek on the west These 
separate the plateau from the rolling hills of Ordovician rocks 
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on the south and west, while the basalt thins out on the slopes of 
similar hills to the north The streams flow about 200 feet below 
the suiface level of the plateau The Muckleford Creek, after 
a general southerly course, turns to the west before joining the 
Loddon, flowing through a narrow valley The Loddon, flowing 
towards the west, has a flat-bottomed valley The plateau and 
the alluvial flats along the Loddon are the feitile areas of the 
district The Oidovician lulls are geneially tree-covered 
Apart from the line of gentle eastward slope north of the Guild¬ 
ford Plateau shaft, to be discussed later, the plateau slopes 
generally towaids the west 



III. Previous Work. 

Q S 15 N E of the Geological Survey of Victoria (by Ulrich 
and Aplin) is the only detailed geological map of the area The 
physiography and distribution of the various groups of rocks are 
very accurately shown, even though this sheet was published in 
1864 Later work has increased out knowledge of the graptolite 
succession m the area Apart from this Quarter-sheet the only 
other detailed references to the geology of the area are to be 
found in mining reports 


IV. Geology. 

The locks of the area are Lower Ordovician sandstones and 
shales, covered in part with a relatively tlun mantle of basalt and 
river gravels or “wash” of pre-basaltic age (Figs 2 and 3) 

The age of the Ordovician rocks is known fiom their contained 
graptohtes, while from analogy with similar occurrences m other 
parts of Victoria the gravels are referred to Tertiary times 
(Miocene to Pliocene) 
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(1) Lower Ordovician Rocks 

The Lower Ordovician locks consist, as is usually the case in 
Victoria, of sandstones ranging from coarse- to fine-grained, 
with intercalated shales and mudstones Their strike is slightly 
to the west of north, they aie inclined at a high angle (in places 
they are almost vertical), and they are closely folded, as may 
be seen fiom the sections exposed along the Mucklefoid Creek 
and m railway and road cuttings The high angles of dip make 
it impossible to trace individual folds for any distance 

Many of the graptohte localities were first found by Harris (8) 
who showed that the beds along the railway line between Guild¬ 
ford and Limestone Cieek were of Darriwilian age Later 
Harris and Thomas (9) recorded additional localities and showed 
that the Muckleford Fault formed a dividing line between Lance- 
fieldian and Darriwilian The most westerly outcrop at which 
graptolites were found along the Castlemame-Newstead railway 
line (87 m 52 ch ) yielded the following foims indicating a low 
Darriwilian zone (D4) — 

Isograptus caduceus vai divcigens Harris, and other variants 
Cai diograptus morsus Harris and Keble 
Oncograptus upsilon var biangulatus (H and K ) 

Didymogiaptus v-deflexus H and K 
Tngonograptus sp (probably T ensiformis Hall) 

Phyllograptus sp 

Oncograptus beds also occur on the north and south road south 
of the railway crossing at 87 m 33 ch , and Car diograptus morsus 
beds at 86 m 57 ch on the railway and further east Poorly 
preserved graptolites may also be obtained from the soft shales 
along the Loddon below the outlier of Tertiary ^ gravels, the 
commonest forms being Darriwilian varieties of I caduceus. 

The spoil heap of the Guildford Plateau mine contains many 
fiagmentaiy graptolites The mudstone here, however, is doubly 
cleaved, making the extraction of specimens difficult The follow¬ 
ing were identified — 

Isograptus caduceus vai maximo-divergens Harris 
I caduceus var divergens Harris 
I forcipiformis (Rued) 

Didymogiaptus v-deflexus PI and K 
Didymograptus spp 
Tetiagraptus seria Brong 
Tetragraptus sp (cf. lieadi Hall) 

Although Oncograptus was not found, the assemblage points to a 
low Darriwilian horizon (probably D5) 

Two other outcrops yielded assemblages indicating passage- 
beds between the D3 and D2 zones, or perhaps what might better 
be called the basal beds of the D2 zone (zone of D ( Glypto- 
graptus) austrodentatus ) Previously this assemblage had been 
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recorded only from the Brisbane Ranges One of these localities, 
originally discovered by Mi Baragwanath, is the spoil-heap of 
the old Plateau shaft, which was sunk through basalt m Allot 
26, Guildford The following forms are present — 

Isograptus caduceus var maximo-divergens Harris 
I caduceus var divergens Harris 
I hastatus Harris 

SkiagraptUb gnomomcus (Harris and Iveble) 

Cardiograptus niorsus H and K 
Tetragraptus serra Brong 
Tetragraptus spp 

Goniograptus speciosus T S Hall 
Trigonograptus ensiformib J Hall 
Phyllograptus cf nobilis H and K 
Didymograptus v-deflexus H 

Diplograptus (Glyptograptus) austrodentatus H and K 

The Grand Trunk tunnel dump yielded — 

CardLograptus morsus H and K (long narrow variety) 
Didymograptus spp. 

Tetragraptus sp 

Trigonograptus cf ensifornns J Hall 
Phyllograptus cf nobilis H and K 
Loganograptus sp 
Variants of I caduceus 

All these localities are east of the Muckleford Fault and show 
the strata ascending eastward towards the centre of the Muckle¬ 
ford synclinormm which Harris and Thomas place as near the 
85J mile-post on the railway 

To the west of the fault m the Lancefieldian belt the search for 
graptolites was less successful Lancefieldian forms (LI) 
(Tetragraptus decipiens T S Hall, T approximate Nicholson, 
and Clonograptus sp ) occur at the locality marked as Note 25 
on Q S 15 N E The strike of this band would pass to the west 
of the Guildford Plateau mine Lithologically the rocks east 
and west of the Muckleford Fault resemble each other, although 
waxy brown shales common to the Lancefieldian are missing 
from the Darriwilian Generally speaking, hard sandstones pre¬ 
dominate in the west and thick shales with softer sandstones 
m the east, with the result that surface relief is greater m the 
west The differences, too slight to enable individual outcrops 
to be separated, give a regional distinction This, together with 
the strike of the Lancefieldian band recognized, and the occurrence 
Of Darriwilian graptolites near the Guildford Plateau mine, 
makes it reasonably certain that the fault exposed m the excava¬ 
tion at the mine is on the line of the Muckleford Fault This 
Fault, which is responsible, for the absence at this locality of the 
whole of the Bendigoman and Castlemaiman series, must be, as 
far as one can estimate, of the order of 4,000 feet 
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(11) Tertiary Rocks 

The Tcitiary locks are represented by the pie-basaltic 
auriferous wash and the basalt flows Since the distribution of 
the wash and the basalt is connected with the Tertiary physio¬ 
graphy, it becomes important to reconstruct as far as possible the 
early Tertiary topogiaphy 

(a) Prc-basalhc Tertiary Gravels 

These giavels range from a coarse conglomerate to flne sandy 
beds cemented by ferruginous material or quite unconsolidated 
The thickness vanes considerly, as might be expected from a 
fluviatile deposit laid down m a wide valley The size of the 
bouldeis, their worn nature and their composition (vein quartz 
and quartzite predominate), afford information as to the velocity 
of the streams and the time needed for the deposition of the 
gravels They mud belong to a period when the climate was 
wetter and the relief more pronounced than at present The 
giadient was steeper than at present, as east of Guildford the 
bed of the ancient stream is higher than the present Loddon, 
while furthei west it lies below the Loddon alluvium, as is shown 
m the workings of the Guildford Plateau mine 

West of the fault and south of Strangways railway station is 
an extensive aiea of exposed gravels, known as the Old Ironstone 
Diggings This lies to the south of the Loddon, but probably 
repiesents a meander of the ancient Loddon as, immediately to 
the north, the basalt rests directly on bed-rock without any inter¬ 
vening giavel The wash here was extensively worked, the 
sinking being compaiatively deep—as far as one can gather from 
the old shafts and from information available, just over 100 feet 
The surface level is about 800 feet so that the flooi of the old 
valley would be under 700 feet Immediately west of the Guild¬ 
ford Plateau mine the bottom of the wash is at a level of approxi¬ 
mately 790 feet 

East of the fault the “ bottom ” lies below liver level, and 
the mine workings show it to be about 675 feet above sea level 
Fuither upstream the deepest part of the gravels is under the 
basalt, and its course can be traced roughly from the two shafts 
on the plateau, called the Old Plateau and New Plateau shafts, 
and by (Turnings’ and the Grand Trunk Tunnels 

Upstream from the Grand Tiunk Tunnel the lead passed 
partly under the Loddon and here dredging yielded good results, 
and still further upstream it passed once more under the basalt, 
as is shown by the hillside workings Plere conflicting data 
make it difficult to reconstruct the course of the lead The Forest 
Creek and Upper Loddon lead systems junctioned near the Guild¬ 
ford railway station (the “ Guildford Gap ”) and flowed beneath 
the basalt Two bores (14) neai the north-east corner of Allot 
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25, Guildford, proved the presence of auuferous wash at a depth 
of 200 feet—about the same level as on the worked lead to the 
south A feasible explanation is that this is gravel deposited by 
a lateral stream developed oil the northern side of the first basalt 
flow, but m the absence of full boring recoids this cannot be 
definitely asserted 

The Muckleford Lead lies along the Muckleford Cieek and 
its upper part around Muckleford township has not been coveied 
by basalt Several tunnels have been driven from the valley of 
the Muckleford Cieek to intercept the portion of this lead that 
lies beneath the basalt, the largest being Frenchman’s Tunnel 
(3, p 131 ) This tunnel proved that the course of the lead 
was very tortuous The exact position of this lead is now being 
fixed by boring While, as far as can be gathered, only the wash 
at the base of the gravel has been worked m the western part 
of this area, there is evidence of another run of consolidated 
auriferous wash or false bottom at a higher level m the east 

(2, p 26) 

(b) Basalt Flows 

The mam or upper basalt flow of the plateau is a dark greenish- 
grey, more or less vesicular rock, which in some places along the 
escarpment has a rough columnar stiucture, while a platy struc¬ 
ture is developed elsewhere Crystals of olivine and augite can 
be seen with the naked eye, the largest being about 2 5 mm long 
An older flow exposed near the Guildford Gap immediately under¬ 
lies the younger flow, but it must extend a considerable distance 
downstream as both the old shafts on the plateau went through 
this flow 

The upper flow is composed essentially of olivine, pale brown 
augite, labradonte and iron ores There is a marked tendency 
towards a glomero-porphyntic structure of the ferro-magnesian 
minerals and occasional felspar phenocrysts occur The augite 
encloses small crystals of magnetite The groundmass consists 
of granules of augite and olivine and rods and plates of magnetite, 
between the felspar laths which average 0,2 to 0 3 mm. m length 
A fair amount of carbonate and occasional needles of apatite are 
present, and some olivine is altered to lddmgsite 

The underlying basalt is on the whole finer-grained and less 
vesicular Crystals of olivine up to 2 5 mm m length alter to 
seipentme, not to lddmgsite Augite occurs as crystals up to 
2 mm long The felspar is less acid than m the upper flow, 
some of the larger crystals giving symmetrical extinctions of 
25° Much interstitial felspar is untwmned or shows undulose 
extinction as m the oligoclase basalts, so that the affinities of this 
flow are with the basic mugearites Some iron ore, apatite and 
carbonate are also present The basalt flows which are m direct 
contact have a maximum thickness of over 75 feet 
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(m) Faulting 

The fault, which may be seen m the excavation at the mine, 
displaces the giavel neatly 100 feet It is a reversed fault 
hading m the west at 70° on the surface, where it is 21 feet from 
the east side of the shaft, while at the 97-foot level it is 7 ft 6 m 
from the same side The Ordovician rocks are bleached £oi 
about 10 feet from the fault while the blue mudstones aie 
shattered A veiy shaip synclme lies just to the west, and 
on this anothei fault can be seen which, however, does not affect 
the Tertiary rocks Along the fault affecting the Tertianes 
about 6 inches of coaise gravel may be seen representing 
aurifeious wash caught up during the faulting movement as 
colours of gold may be obtained by panning To the east the 
“ gravel ” is represented by clay bands, sandy beds, and some 
conglomeiate, with an easteily dip of 30° The flexure certainly 
seems to be due to the fault which has its upthrow side to the 
west The flooi on which the wash rests has been displaced 
vertically 100 feet (±5 feet), as can be seen from the suiface 
exposures and the level of the mine workings Although the 
wash has been displaced 100 feet veitically, the basalt has been 
displaced rathei less than 50 feet, indicating two movements 
along the fault line, each of about 50 feet No other direct 
evidence of pre-basaltic faulting was seen, but the post-gravel 
physiography seems to show that movement caused by the fault 
interfered with the drainage system before the outpouring of the 
upper basalt flow As a general rule the basalt flowed down the 
valley m which the gravel had been deposited Lateral streams 
developed one on each side of the basalt, and have exposed pre- 
basaltic wash The area of auriferous gravels m the neighbour¬ 
hood of Shepherd's Flat was probably deposited at the junction 
of two broad valleys excavated by the pre-basaltic Loddon and 
Muckleford Creek m the soft Darnwihan bed-rock To the 
west, however, the deposits at the Old Ironstone Diggings repre¬ 
sent a large meander south of Strangways railway station, and 
show that the valley here was narrow and steep-sided The 
basalt did not follow this meander, but flowed west and rejoined 
the old valley further down stream. It thus seems likely that 
changes of level due to movement along the fault caused the 
stream to cut through a low neck of bed-rock and abandon the 
meander, and it is through this gap that the basalt flowed An 
alternative explanation is that a basalt covering of the Old Iron¬ 
stone gravels has been completely denuded, but it is improbable 
that this is so since such a great amount of erosion locally would 
be hard to explain when compared with the smaller amount both 
up- and down-stream 

North of the Guildford Plateau mine the Quarter-sheet indi¬ 
cates by its hachurmg a sudden change of level along a line 
corresponding with the hidden extension of the fault. On both 
sides of this line the basalt is similar, while the general slope of 
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the plateau surface on both sides is to the west m the general 
direction of the flow of the basalt, but in the opposite direction 
to the local slope shown by the hachures Though the observed 
fault cannot be definitely identified with the Muckleford Fault, 
which as already stated is of much greater magnitude, it seems 
clear that it lepresents movement along the line of this greater 
fault The Muckleford Fault displaces the Lower Ordovician 
beds vertically at least 4,000 feet, the auriferous wash is displaced 
100 feet while the basalt has been displaced only 50 feet, thus 
showing at least three movements along the same line of weak¬ 
ness, the last movement being very recent 

V. Some late Tertiary Faults affecting Alluvial 
Workings in Victoria. 

Late Tertiary faults play an important part m the geological 
history of eastern Australia The existence of many faults has 
been inferred, and the following have been actually verified 
chiefly by underground mining operations Nicholas (12), dis¬ 
cussing the workings of the New Australian Company, Creswick, 
refers to a “ well-formed vertical wash ,J 20 feet m height worked 
over a length of 200 feet, and states that no doubt it was the 
result of an upheaval While this is a case where aunferous 
wash has been worked along the fault line, his statement that 
as a rule “ there is a general absence of wash between the upper 
and lower part parallel to the cleavage ” evidently means that 
faulting of wash is not uncommon, it is rarely that wash is found 
along the fault plane itself 

In 1917 , E J Dunn(5) described a post-Tertiary fault at 
Beechworth, in a section which he had first noted m 1871 (4) 
without realizing its significance This fault is a thrust fault 
with a hade of 45° and a vertical displacement of about 20 feet 
Dunn considers it to be of the same age as faults m the Berry 
Lead at Spring Hill and elsewhere near Allendale W Barag- 
wanath(l) has recorded post-Newer Basalt faulting m the 
Ballarat area 

A late Tertiary fault affecting alluvial mining appears to be 
present m the Sebastian area (15), as H S Whitelaw reports, 
“ Extremely good gold, it is said, was traced from near the 
Frederick the Great Company’s mam shaft westward to Myer’s 
Creek, a distance of about a quarter of a mile where a sudden 
drop of 70 feet from 30 feet to 100 feet was encountered * } 

Harris states (personal communication) that the Whitelaw 
Fault at Bendigo—a fault m every way comparable with the 
Muckleford Fault—also shows evidence of post-Tertiary move¬ 
ment, auriferous gravels being carried 50 to 100 feet downwards 
on the Darnwihan side of the fault line 
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These late Tertiary faults observed during- mining operations 
ate insignificant compared with those postulated m south-eastern 
Australia by physiographers and palaeo-geogiaphers Fennel 
(6), for example, finds evidence of two periods of Tertiary fault 
movements m the Bacchus Marsh area—the post-Older Basalt 
block faults and the post-Newer Basalt movement along the 
Rowsley Fault Others have also explained the development 
of the physiography of this part of Australia by invoking faulting 
(10, 13) 


VI. Summary. 

1 Reversed faulting has occurred along the line of the Muckle- 
foul Fault, with a hade to the west of approximately 70° 

2 Evidence based on graptolites from the east and west sides 
of the fault line, together with the estimated thickness of the 
Ordovician graptohte zones m this locality, indicates that the 
vertical displacement is of the older of 4 000 feet 

3 The greater part of this movement took place before the 
deposition of the pre-basaltic auriferous river gravels 

4 The movement continued m Tertiaiy times two late move¬ 
ments being observable, (l) of about 50 feet after the deposition 
of the gravels, but before the extrusion of the upper basalt flow, 
though probably after the lower flow, and (n) of another 50 
feet m post-basaltic times 

5 Smnlai Tertiary faults, including many of considerably 
greater magnitude, have been postulated to explain the physio¬ 
graphy of south-eastern Australia or have been observed m mine 
workings elsewhere m Victoria 
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Art XIV — Manganese Deficiency of Ccicals Plot Experiments 
and a Nczv Hypothesis 

By G W DEEPER, M Sc 
[Read 11th October, 1934, issued separately, 8th May, 1935 ] 


Introduction. 

It is now generally recognized that manganese is an essential 
element m the growth and reproduction of plants * Oats are 
especially sensitive to a deficiency of manganese Barley and 
wheat are not quite so sensitive, while rye and most of the 
common grasses are far less sensitive, though not even rye is 
immune The actual symptoms of the deficiency are shown in 
most characteristic fashion by oats, in which the disease has 
been called a grey-speck ” These symptoms have been fully 
described and illnstiated by Samuel and Piper (1928), and by 
Davies and Jones (1931) 

In the last few years, cases of manganese deficiency have been 
reported from many pails of Europe, North America, and Aus¬ 
tralia, as occumng on many important crops besides wheat, 
barley, and oats This deficiency occurs sometimes on soils that 
have naturally a neutral or alkaline reaction, as m the cases 
recorded m Western Australia by Came (1927), and in South 
Australia by Samuel and Pipet (1928), and sometimes on soils 
naturally acid in reaction, after so much lime has been added as 
to make them neutral or alkaline, as in Wales (Davies and 
Jones, 1931), Rhode Island (Gilbert ct a/, 1926), Swedep 
(Arrhenius, 1926), etc. The present case belongs to the second 
class, and is the first of its kind to be reported in Australia, and 
though the soil in question does not belong to any type met with 
m practice, the results obtained show some featuies of general 
interest 


Description of Soil, 

The area referred to m this work is a plot of land 21 yards 
by 9 yards, m the grounds of the Aguculture School of the 
University of Melbourne The soil is a grey sandy loam to a 
depth of 18 inches; below this it rapidly becomes heavier, with 
occasional lumps of yellow clay, until at 30 inches it passes into 
an impermeable yellow clay which is derived from the Silurian 
mudstones of the district 
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The surface soil, which is homogeneous in texture and appear¬ 
ance to a depth of 18 inches, has the same origin as the adjacent 
garden beds of the University grounds, this is a sandy loam 
which contains about 3 per cent of gravel (above 2 mm 
diameter), m the form of ironstone and quartz giains The fine 
eaith consists of 32 per cent of coarse sand (2 to 0 2 mm ) 38 
of fine sand (0 2 to 0 02 mm ) 15 of silt (0 02 to 0 002 mm ), 
12 of clay (below 002 mm), and about 3 of organic matter 
The coarse sand consists of quartz together with some grams 
of ironstone The fine sand contains, besides much quartz, 18 
per cent of plagioclase, 6 per cent of augite, and other basaltic 
minerals This augite is mostly angulai, and shows no sign of 
weathering It appears that the soil consists of material derived 
from the nearby basalt country, but not normally weathered. 
(It has been suggested that it may have been made up from road 
sweepings derived from the use of basalt as road-metal) Its 
natural pH value is 5 0 (This figure, like all other pH values 
recorded m this paper, refers to a 1 1 soil-water suspension 
measured with the qumhydrone electrode at 20° C , where the 
value of a surface soil is quoted, this refers to the 8 inches 
of surface soil). 

The area under discussion has been cropped fairly continuously 
with numerous varieties of crops, mainly cereals, since 1914, and 
is protected from birds by wire netting It has been heavily 
limed, and contains about 0 2 per cent CaC0 3 m the 9 inches of 
surface soil, the last liming was a dressing of about 2 tons to 
the acre in 1923 The effect of this liming has been to bring 
the pH of the upper 18 inches well into the alkaline range. The 
reaction of the surface soil varies from 72 to 7 7 over the area, 
this falls to about 7 0 at 18 inches, then 6 5 from, 18 to 30 inches,, 
and then rises again to 8 0 at 40 inches, where the heavy clay 
occurs. It may be remarked that the disease discussed here does 
not seem to occur on soil derived directly from the Silurian 
rnudstones, even after liming 

Results of Plot Trials. 

Experiments in 1928* 

A portion of the area was used m 1928 for various experi¬ 
mental treatments in work carried out by Glynne For some 
years previously it had been noted that oats, wheat, and barley 
had been making poor growth, and it was thought that the 
sickness of the crops might be due to parasitic organisms in the 
soil. Sulphur and various sulphur compounds were used, and 
the treatments comprised varying applications of ammonium 
sulphate (ranging from 27 to 81 cwt per acre), sulphur (from 

* in all these experiments the seed was put m during the last ten days of May, and plant? 
were harvested by pulling up in the last fifteen days of December 
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6 to 20 cwt per acie), sulphuric acid (from 1 ton to 3 tons), 
sodium thiosulphate crystals (from 17 to 75 cwt), calcium car¬ 
bonate (fiotn 1 to 3 tons), and various combinations of these 
last three substances These tests were replicated over 44 plots 
each one yard squaie, on ground that had grown partly wheat 
and paitly oats m the previous season The plots were sown 
with Federation wheat, 4 rows per plot Supei phosphate, 

which had been applied at 2 cwt per acre for some years past, 
was omitted this yeai 

The season of 1928 was a dry one, and the crop was an 
almost complete failure on all but nine of the plots These 
successful plots included the heavier treatments with sulphur 
(13 cwt or more) and sulphuric acid (2 tons or more) and the 
lightest treatment with ammonium sulphate (27 cwt ) The 
heavier treatments with ammonium sulphate, and all the thiosul¬ 
phate treatments, were evidently toxic 

The pH values of the 8 inches of surface soil of various 
plots were detei mined m December, 1928 It is shown m Table 
I that all plots of pH more alkaline than 6 7 were failures 
irrespective of treatment, but while all the control plots, of 
pH from 7 4 to 7 7, failed to produce any gram worth mention¬ 
ing, the nine plots that produced gram had pH values ranging 
from 5 5 to 6 6, with yields of from 5 3 to 30 3 bushels per 
acre 


Table I— Federation Wheat, 1928 


Treal ment 

Number of 

I Plots 

1 

Yield, bushels per acre 

i 

Average | 

i 

Maximum 

Yield 

All thiosulphates and heavier amm. 




sulph t. * 

12 

Nil (Toxic) 

0 0 

All treatments and controls, pH 




6 ' 7-7 * 7 

11 

0*4 

1 7 

Various treatments, pH 6‘0-6*0 . 

6 

14 2 

26 2 

Various treatments, pH<!6‘0 

3 

22*5 

29*9 


Rainfall, May to N vomb r inclusive, 9 65 inches 


No evidence of parasitical attack was found on the control 
plots, and in her account of the work Glynne (1929) suggested 
that there was an actual deficiency of sulphur in the soil, but 
this suggestion cannot be right, as the sulphate sulphur m the 
surface soil of the control plots is 0 01 per cent, enough for 
many successive crops 
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Experiments in 1929 

In 1929 the same plots were lesown with Federation wheat 
on the same lines, with 2 cwt per acre superphosphate, but no 
further treatment Yields were far better this year, but ^ m 
spite of high variability among the control plots, the correlation 
of good yield with low pH was again very noticeable Control 
plots ranged from 8 5 to 33 4 bushels, while acidic plots and 
those previously treated with thiosulphate gave yields ranging 
from 141 to 56 2 bushels The lesults are summarized m 
Table II., where thiosulphate treatments are collected m one 
group, irrespective of pH It is remarkable that the best yields 
on the acidic plots were on those of pH more acid than 6 3 The 
heavy applications of ammonium sidphate have brought down 
the pH to 6 7 or less 


Table II— Federation Wheat after Wheat, 1929 


Treatment 


Pints 


pH 


Yield, bushels per acre 


, 1 

I 1 


Aveiage 

Maximum 

All thiosulphates j 

10 

6 6-7 6 

I 

28 1 

56 0 

Excluding thiosulphates— 





All below pH 7 0 

7 

5 6-7 0 

34 0 

52 3 

Intermediate 

4 

7 0-7 2 

25 2 

32 5 

All above pH 7 2 I 

23 

1 7 2-7 8 

16 9 

33 2 


Rainfall, May to November inclusive, 13 99 inches 


Experiments in 1930 

It was thought that the effect of sulphur might have been 
connected with the intake of nitrogen or phosphorus A fresh 
experiment was therefore carried out m 1930, m which the 
treatments included, beside a 1-ton per acre dressing of sulphur, 
a 2-cwt dressing of sodium nitrate and a 4-cwt dressing of 
superphosphate These three treatments were replicated four 
times each, and with four control plots this gave a total of sixteen 
plots each of 2 squaie yards Free Gallipoli wheat was sown 
on adjacent soil that had been fallowed the previous year and 
had accumulated large reserves of nitrate Most of the nitrate 
was washed away by heavy rain m early May (before sowing), 
but there was an ample supply left m all plots, the nitrate 
nitrogen m the surface soil (0-9 m ) averaged 36 lb per acre 
at sowing (May 25), 15 lb at the end of July, and then fell 
to a steady value of about 5 lb through Septembei and October 
The nitrate concentration of the various plots during June and 
July was correlated with the tiller count made on September 19, 
but when the harvest was taken m December, there was no 
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correlation between autumn 01 winter nitrate and yield Nitrate 
concentiation was also unconnected with the use of sulphur or 
supei phosphate The application of superphosphate had no 
effect on tillering nor on the final yield, this is not sutpusmg m 
view of the heavy doses given m former years But the correla¬ 
tion of final yield with pIT was as maiked as in pievious years 
The sulphiti oxidized quickly in the autumn and lowered the 
pH (determined on a composite of six cores), from 7 3-7 6 to 
6 3-6 6 within six weeks after application It would seem that 
the bacteria responsible for this oxidation are somewhat sensitive 
to the acidity which they produce, as even m December a con- 
sideiable amount of sulphur remained unchanged, especially 
around the roots of the plants A similar effect has been noted 
by Rountree (1933) at Renmark One of the unsulphured 
plots m this experiment had a consistent acidic leaction, about 
6 6 It is not known how this occurred, but this plot is included 
with the four sulphured plots m Table III, leaving eleven alkaline 
plots with which to compare the acidic plots (This seems 
reasonable since m their whole behaviour the plants on this 
exceptional plot followed those on the sulphured plots) The 
high pi eduction of tillers per plant is due to the fact that the 
rows weie spaced at an interval of 2 feet 


Table III— Free Gallipoli Wheat after Fallow, 1930. 





Tillers 

Ears 

Grain 

— 

No 

of 

Plots 

pH 

Per 

Plant 

l 

Per [ 
square 

Per 

square 


Gram 

per 

Bushels 

per acre 




yard | 

j yard ! 

ear 

Average 

Range, 

Alkaline plots 

11 

7 2-7‘6 

5 3 

j £08 

126 

61 

0*69 

15 5 

10 8-18*8 

Acidic plots 

6 

6 4-6 7 

4*8 

186 

147 

79 

0 86 

22*6 

20 2-25 3 


Standard error of difference of mean, 1*3 bushels per acre 
MnfaU, May to November, 15 30 inches 
Yields significantly different from controls are in black type. 


Experiments in 1931 

It had by now seemed likely that the trouble was manganese 
deficiency, and further tests were then carried out with this in 
mind It is known that the good effects of sulphur on certain 
soils are connected with the flocculating effect of the calcium 
sulphate that is formed, so a 1-ton gypsum treatment—enough 
to give a marked flocculation—was included m 1931 Other 
treatments were 40 lb each of “ chemically pure ” crystalline 
hydrates of CuS0 4 , FeS0 43 MnS0 4 , and Ca(Mn0 4 ) 2 , and 
sulphur at 30 cwt per acre Fact treatment was leplicated over 
four plots of 1 square yard each Free Gallipoli wheat was 
14051 —2 
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sown m rows at intervals of 1 foot, with 2 cwt superphosphate 
and 2 cwt calcium nitrate on all plots Tilleis were counted 
as before m late September, and these showed a mean value of 
2 6 per plant, no treatment showing any significant difference 
from any other Neither gypsum nor any other salt applied 
showed any significant difference from the control plots at harvest 
Treatments other than sulphur are therefore not entered sepa¬ 
rately m Table IV, which compares the four sulphured plots 
with (a) the four control plots, and (b) sixteen alkaline plots 
of various treatments, chosen from those neighbouring the 
sulphured plots 

Table IV— Free Gallipoli Wheat after Oats and 


Barley, 1931 





Tillers j 

Ears 


Gram 

— 

No 

of 

Plots 

pH 

! 

1 Per 
Plant 

! 

Per 

square 

yard 

Per 

square 

yard 

Per 

cent 

Gram 

per 

ear 

Bushels por acre 



! 

surviv¬ 

ing 

Mean 

Range 

Alkaline pIotB 
(control) 

4 

l 

7 3-7 6 

2 69 

210 

133 

63 

0 61 

14 7 

8 9-10 7 

Alkaline plots 
(various) 

16 

7 2-7 7 

2 68 

214 

120 

66 

0 67 

! 14 3 ! 

3 0-31 8 

Acidic plots 

4 

6 3-6 5 

2 60 

206 

141 

6S 

0 92 

23 5 

18 7-29 3 


Standard error of mean of 4 plots, 2 76 bushels per acre 
Rainfall, May to November, 17 26 inches 
Yields significantly different from controls are in black 

The result was similar to that of 1930 Yields on control 
and other alkaline plots were very erratic, although the alkalinity 
was nowhere greater than pH 7 7 nor less than pH 7,2. 

On one patch of soil m this test the disease hardly showed 
itself, so that a sulphured plot in this section could not gam 
much advantage over the control, while on another patch the 
sulphured plot gave a yield of 128 gm to the square yard, where 
surrounding alkaline plots averaged only 29 gm This char¬ 
acteristically high variability of the soil with respect to 
manganese deficiency was partially eliminated from the calcula¬ 
tion of the standard error, by Fisher and Wishart’s (1930) 
method of analysis of total variance. The figures, however, 
underestimate the true effect of the sulphur 

The manganese used m this test was applied at the rate of 
10 lb. Mn per acre, m four plots each as Ca(Mn0 4 ) 2 and MnS0 4 
at germination and in four more plots as MnSQ 4 in early Sep¬ 
tember It is remarkable that this addition to the soil of about 
100 times as much manganese as the crop needed had no 
perceptible effect on the development of the plant Chemical 
analyses at harvest time showed that these plants had taken up 
no more manganese than the controls Other tests done on this 
soil, together with results reported elsewhere by Samuel and 
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Piper (1928), indicate that at least 30 lb pei acie of soluble 
manganese applied at sowing to the soil may be needed if such 
severe deficiency is to be overcome by a surface application. 
Many disappointing results of the suiface application of man¬ 
ganese salts have been due to the use of too small quantities 
For example, Tuinei and Findlay (1932) m Yorkshire 
attempted to control the disease with 45 lb per acre of Mil SO* 
crystals, spiayed over the crop This was successful to a 
limited extent, but only if done aftei the disease had appeared— 
i e, the manganese was then absoibed through the leaf, and 
not thiough the soil and root 

Experiments in 1932 

Since the deficiency is confined to soils of pH above about 
6 7, there are two possible ways of overcoming the unfavourable 
stale of the soil m the field The soil may be left alkaline and 
enough manganese be added, preferably as sulphate, to carry the 
plant thiough the season, or the reaction of the soil may be 
pcimanently changed by the addition of sulphui or any other 
acidifying agent—a line of action that is feasible only when the 
CaCOji m the soil is fairly low, as here The literature to date 
contains no comparisons of the effects of these two treatments 
on the development of the plant With this comparison m 
view, thcicfoie, a fresh experiment was earned out m 1932 

In this year Free Gallipoli wheat was sown with 2 cwt. each 
superphosphate and calcium uitiate; treatments comprised 
sulphur (1 ton per acre), MnSO* crystals at germination (1 cwt 
and 3 cwt ) and m early September (1 cwt ) Each tieatment 
was replicated four times m square-yard plots, and four control 
plots were included The ongmal pH of about 7 5 was brought 
down by the sulphur only to 6 8-7 0, a figure not low enough to 
ensure a uniform cuie of the deficiency, however, some definite 
conclusions may he di awn fiom the results which are summarized 
m Table V 


Table V— Free Galltpoli Wheat after Wheat, 1932 




Tillers 

Ears 


Grain 



No of 
riots 

Per 

Plant 

Per 

sqtiaie ] 

Per 

square 

Per 

cent 

Gram 

pei 

■Bushels per aero. 



yard ! 

| yard, 

1 

sur\l\- 

ing 

ear 

1 

Mean 

Range 

Cpnti ol 

4 

1 2 03 

268 

180 

61 ! 

0 98 ! 

22 5 

i 11 2-38 9 

Sulphur 

MnSO i— 

4 

j 3 87 1 

[ 269 

188 

72 

1 33 1 

44 2 

30 2-59 0 

1 rwl (autumn) 

4 

1 3 62 

303 

j 211 

70 

1 41 j 

53 0 

36 5-78 6 

1 cwt (spring) 

4 

j 3 06 

269 

167 

64 

1 06 

31 3 

18 5-39 1 

3 cwt, (autumn) 

4 

3 54 

280 

176 

1 J 

63 

117 

36 5 

j 

20 6-48 0 


Standard error of mean of four plots, 7 1 bushels per acie. 

Rainfall, May to November, 13 44 inches 
Yields significant ly ditierent from controls are in blaci 
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These figures are not as significant as one would desire For 
instance, the figure of S3 bushels quoted for 1 cwt MnS0 4 
includes an individual plot of 78 6 bushels The sulphui was 
not applied heavily enough to conti ol the disease timfoimly, 
and the application of MnS0 4 to the stnface soil aftei germina¬ 
tion also failed to give complete or uniform conti ol It has 
been shown by Scott (1932) at Corny Point, South Australia, 
that manganese applied with the seed, like superphosphate, gives 
the plant a better chance of overcoming the deficiency than when 
applied to the surface after germination, 28 lb of the hydrated 
crystals used m this way weie more effective than 112 lb 
applied to the surface soil 

Experiments in 1933 

The experiment was therefore continued m 1933 on the same 
plots Superphosphate, 2 cwt per acre, was applied with the 
seed, but no nitrogenous fertilizer was added Sulphur was 
again applied, and an extra 10 cwt per acre now brought the 
pH to the desired range (62-6,5) The plots given MnS0 4 
late m 1932 were now given MnS0 4 sown with the seed, those 
given 3 cwt m 1932 were given 1 cwt applied to the 
soil after germination, while those given 1 cwt early m 1932 
were left without further manganese m order to determine if 
there were any residual effect Results are summarized m 
Table VI 


Table VI— Free Gallipoli Wheat after Wheat, 1933 


— 

No of 
Plots 

Tillers 

Ears 

Grain, 

Per 

Plant 

Per 

square 

yard 

Per 

square 

yard 

Per 

cent 

surviv¬ 

ing 

Gram 

per 

ear 

i 

Bushels per acre 

Mean 

Range 

Control 

4 

2 23 

196 j 

54 

27 

0 66 

6 3 

^ 11-9 8 

Sulphur 

MnS0 4 — 

4 ; 

2 47 

194 

128 

66 * 

1 30 * 

29 4 * 

22 0-39 0 

With seed 

4 

2 75 

251 

119 

47 

0*82 

17 4 

9*1-26 8 

After germina¬ 



* 






tion 

4 

2 47 

216 

100 

46 

0 93 

16 5 

9 8 -24 7 

Residual 

4 

1 2 40 

218 

81 

39 

0 85 

j 12 8 

3 1-21 2 


Standard error of mean of four plots, 2 3j bushels per acre 
Rainfall, May to November, 13 53 inches 

Yields significantly different from control are in black Yields significantly the liighest in 
their respective columns are asterisked 

This season was definitely less favourable than the preceding, 
and in addition the soil was poor in available nitrogen; the 
nitrate nitrogen m the top 9 inches of soil at sowing averaged 
eight parts per million on the alkaline plots and four on the 
sulphured, acidic plots When the results of the various years 
were compared, it was seen that there is a very marked depend¬ 
ence on the weather, as is shown by the complete failure of 
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alkaline plots in the dry season 1928 as compared with 15-bushel 
yields m the better years 1930 and 1931, and 22 5 bushels m 
the excellent season 1932, m which the distribution of rainfall was 
very favourable It has, m fact, often been noted that man¬ 
ganese deficiency is moie maiked m a dry year than m a wet 
one 


Review of Results from Experimental Plots. 

While the xesults reported here are largely confirmatory of 
pievious work, they have peculiar featuies which m spite of the 
aitificial nature of the soil may have a bearing on the problem in 
other countries Some of these are as follows — 

1 Tillering —In each of four yeais 1930 to 1933, the number 
of tilleis per square yard, counted in late September, was 
unaffected by sulphur, although the leaves of plants on acidic 
soil were a darker green On the othei hand, germination was 
lather adversely affected by sulphui m 1933, and both m 1930 
and still men c m 1933, the plants on the acichc plots were 
definitely yellowei and pooler m appearance than those on the 
control, oi other alkaline plots, up till the end of August In 
1933 this was correlated with a lower accumulation of nitrate 
on the acidic soil eluting the pieccdmg summer and autumn, 
though it is doubtful if this alone explains the effects noted 

Manganese sulphate, on the othei hand, increases the tillering 
somewhat if it is applied early enough and copiously enough to 
the soil If it is applied in the most efficient way—-with the 
seed—it is shown m Table VI to have a very favourable effect 
on tillering 

2 Survival of Tillers to Ears —The survival of tillers to ears 
is much improved by either sulphur or manganese, but in the 
less favourable year 1933 sulphui was far more effective in 
this respect In every year there is a very striking relative 
improvement of the sulphured plots during October and 
November, and they show their superiority in every way at 
hai vest. 

3 Size of Ears —While the total number of ears is much 
increased by either treatment, the ears on the sulphured plots 
gave far more gram than those sown with MnS0 4 m 1933 
Analysis shows that this superiority exists m both mean number 
of spikelcts per ear, mean number of grains per spikelet, and 
weight per gram 

Sterility is more marked on the alkaline plots, representative 
samples from these m 1931 showed that on the average 41 per 
cent, of the spikelets were sterile, compared with 32 per cent, 
on the acidic plots Both grains per spikelet and weight per 
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gram are also higher on the acidic plots—all of which illustrates 
the importance of manganese for the development of flower and 
fruit. 

The course of the disease seems to vaiy a good deal accoidmg 
to climate and soil, while m Melbourne the plants on u deficient ” 
soil appear fairly healthy through winter and sicken only when 
the soil begins to diy m spnng, m Western Austialia (Carne, 
1927) the plants appear to recover m spring after looking poor 
m August, this recoveiy by plants that have shown “ giey speck ” 
m September has also been observed on inadequately sulphured 
plots m Melbourne, and is probably connected with mild cases 
of deficiency only Odland and Crandall (1932) m Rhode 
Island found deficiency showing m some years on the spring 
crops and not on the autumn, and vice versa m other yeais 

4 Residual Effect of MnSO 4 —The effect of heavy application 
of MnSO* a year earlier is still seen m a somewhat healthier 
growth, but is strikingly small 

5 Effect of Heavy Applications of MnSO 4 —The comparative 
failure m 1932 of the crop on soil given 3 cwt per acre of 
MnSO* crystals is striking, however, the yield is not significantly 
lower than that of the 1 cwt plots, and the difference only shows 
how variable the soil is with regaid to the deficiency-effect 
(See manganese content of gram, below ) 

6 Effect of Nitrates —Nitrates are said to make the disease 
worse In this work, the deficiency has been more marked on 
plots of higher nitrate status, both m 1930 and m 1933 

7 Effect of Ammonium Salts —Ammonium sulphate has been 
recommended on grounds of economy for grey-speck m countries 
of northern Europe, notably by Arrhenius (1926) m dealing 
with lime-induced grey-speck on podzolic sands m south-western 
Sweden Its good effect is clearly related to its acidifying action, 
though it is hard to see how it could be as efficient in the small 
amounts used (2 cwt) as is sulphui m large doses In the 
work reported here, the amounts of ammonium sulphate used m 
1928 (Table I ) were so huge as to lower the pH to a pom! 
where manganese is available, the effect seems to have nothing 
to do with the amount of soluble mtiogen in the soil, which 
in 1930 was no higher on the ammonium sulphate plots of 1928 
than on the controls, although the treated plots were very much 
healthier 

8 Effect of Thiosulphates —Thiosulphates aie oxidized in the 
soil according to the ultimate scheme, 

H0 2 +Na 2 S 2 0 3 + 20 2 2NaHSO*, 
but m many plots the fall m alkalinity due to the NaHSOi pro¬ 
duced was not V6ry marked, m fact, the best plot m 1929, 
yielding at the rate of 56 bushels per acre, after a 75-cwt dose 
of Na 2 S 2 Q 3 5H 2 0 in early 1928, had a pH m bulk sample 
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(suiface 8 inches) of 7 3 It is possible that there was a local 
production of high enough acidity to overcome the deficiency 
Otherwise, the highly i educing nature of the thiosulphate ion 
may have been responsible for the effect noted (This will be 
discussed later ) 

9, pH Value of Profile, —The pH of the soil falls to 6 5 at 
18 inches At such a value one would expect a fair availability 
of manganese, and the failure of a wheat plant to collect its 
necessary fraction of a milligram fiom this level may be partly 
due to the fact that it is essential for the manganese to be at 
hand from the earliest stages of growth (However, spraying 
MnS0 4 solution on very sick oat plants growing on this soil, 
m early September, led m about a week to a recovery from an 
apparently hopeless position, and finally these plants yielded 
reasonable amounts of giam ) But a plant already suffering 
from deficiency would not be likely to explore the 18-inch level 
at all thoroughly 

10, Varietal Differences —It has often been noted that dif¬ 
ferent varieties show very different degrees of tolerance (eg, 
Davies and Jones, 1931) This effect was very marked in this 
work also, from observations on varieties of wheat, barley, and 
oats which were grown m connexion with other work Common 
wheat was found to be less sensitive than emmer and macaroni, 
while single varieties of spelt and mummy ” were about 
as tolerant of deficiency as most varieties of common wheat. 
Barley is generally more tolerant than oats, but the most tolerant 
oat vareties (viz , Lachlan, and still more Palestine) are better 
than some barley varieties (such as Gatami and Hanchen) But 
there are many oat varieties which are so sensitive that they 
may die m September, an extreme case being Dawn (a local 
variety), though others such as Fulghum and Algerian are also 
very sensitive Of the barleys, Pryor and Moira are the least 
sensitive 

Hr —Manganese in Dry Matter and Requirements of Various 
Plants —The total manganese in the dry matter of a plant is 
closely connected with its availability in the soil The manganese 
content of healthy plants of wheat, oats, and barley ranges from 
15 to over 200 parts per million (ppm) of diy matter; a figuie 
of less than 15 p.p m indicates a probable deficiency The 
difference m sensitiveness of various plants to this deficiency 
has already been remarked on, it is veiy striking to see how 
invariably rye yields a splendid crop while the neighbouring row 
of oats or wheat is languishing Wimmera rye-grass ( Lolium 
subulatmn) and wild vetches (Victa satwa) also grow vigorously 
to maturity on this soil, which is evidently highly fertile for all 
but sensitive plants In fact, weeds of all kinds have been 
observed to flourish, and during the autumn of 1934 it was 
observed that alkaline plots of the previous year’s experiments 
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were supporting a vigorous growth of weeds, largely Sonchus 
oleraceus, Malva rotundifoha, and Povtulaca olevaccci } while the 
acidic plots were almost bare This avoidance of acidic plots 
may have been due to the direct effect of the sulphur, in lowering 
the pH, causing a very high concentration of CaS0 4 , or*producmg 
other unfavourable oxidation pioducts. It was incidentally 
noted m 1930 that the activity of Azotobactcr was adversely 
affected by sulphuring These facts may be compared with the 
poor growth shown also by wheat on the acidic soil up till late 
m August. Rye, rye-grass, and the tolerant barley vanety Pryor, 
were sampled m the spring of 1931 and the whole plants were 
analyzed for manganese It was found m each case that the 
total manganese was only 10 to 11 ppm,o£ dry matter It 
would appear, theiefoie, m accordance with Samuel and Piper's 
work on culture solutions, that tolerance implies a lower need 
for manganese, rather than a greater power to obtain it, though 
no doubt plants differ m this power also, of course, the total Mn 
m the crop of the tolerant plant may be considerable The 
question is bound up with that of the function of manganese, 
about which very little is known as yet 

Table VII— Manganese in Grain of Wheat 


Treatment 

Sample J 

j 

Year 

Yield of oven- 
dry giam at 
selected point, 
grams per 
square yard 

1 

Mn 

paits per 
million 
dry 
matter 

Mn In grain 

Milli¬ 

grams 

per 

squaie 

yard 

Grams 

per 

acre 

Control (alkaline) . 

1 

1930 

77 

12 

0 92 

4*5 


2 

1930 

59 

8 

0*47 

2*3 


3 

1931 1 

73 

9 

0 66 

3*2 


4 

1932 | 

65 

12 ; 

0 78 

3*8 


5 

1932 

39 

10 

0 39 

1 9 


6 

1933 

60 

5 5 

0 28 

1*3 

MnS0 4 in autumn . 

7 

1931 

69 

10 

0 69 

3 3 


8 

1932 

440 

12 

5*28 

25 6 


9 

1932 

189 

30 

5 67 

27*5 


10 

1933 

45 

12 

0 54 

2 6 


11 

1933 

135 

32 

4 33 

2*1 

Sulphur (acidic) 

12 

1930 

103 

21 

2 16 

10*5 


13 

1932 

119 

7 

0 83 

4 5 


14 

1932 

324 

27 

8 76 

42*5 


15 

1933 

136 

32 

1 4 35 

21 1 

1 


The figures collected m Table VII. refer only to the gram 
of Free Gallipoli wheat The table shows, firstly, that the 
manganese content of gram from alkaline, deficient soil (samples 
1 to 6) Tanges from 5 5 to 12 p p.m, the yields being mainly 
poor. Of samples 7 to 11, from soil to which MnS0 4 had been 
applied, Nos 8, 9, and 11 showed a marked response to the 
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applied manganese The low proportion of manganese in the 
gram of the enoimous ciop of No 8 is striking, however, the 
total Mn removed by the crop is quite high Information is 
not available about the Mn m the straw Samples 7 and 10 
showed symptoms of Mn deficiency, and both the yield and the 
Mn content aie of the same ordei as in the control plots—m each 
case the added MnS0 4 was presumably precipitated out of reach 
of the mam mass of roots Sample 10 was collected fiom soil 
that had been tieated with 3 cwt per acre of MnS0 4 crystals; 
it gives clear evidence that the comparative failure of these 
3-cwt. plot was connected with very low local availability of 
added manganese Samples 12, 14, and 15 show the typical 
increase m concentration m Mn that follows acidification 
Sample 13 was taken fiom an inadequately sulphured patch of 
pH 7 0, where the yield was disappointing and symptoms of 
deficiency were seen The figure 7 p,p m again recalls the 
alkaline plots 

Qenei’al Discussion of Availability of Manganese in 

SoiL 

These experiments make it of interest to leview the question 
of the availability of manganese m the soil The natuie of this 
availability has been discussed by several workers, a useful sum¬ 
mary being given by Pipei (1931) Work m South Australia 
has made it clear that figures for the total manganese m the 
soil (above a certain minimum), or for strong or dilute acid 
extracts, have little or no bearing on the problem, a healthy 
soil may well yield less soluble manganese to an extracting acid 
than will a deficient soil (Samuel and Piper, 1928) Soils more 
acid than pPI 6 7 do not show the disease On such soils 
manganese compounds do no good, and on more definitely acidic 
soils they may be harmful On the alkaline side of this 
boundary line (especially beyond pPI 7 0) the manganous ion 
may be represented by the bicarbonate, by exchangeable man¬ 
ganese, oi by basic compounds (phosphate, carbonate, silicate) 
which as Britton (1930) showed, begin to appear as bulky 
precipitates below pH 7 The existence of such basic compounds 
makes it irrelevant m this regard to quote the laboratory preci¬ 
pitation of manganous hydroxide from chloride solutions at 
pH 8 to 9. It is" piobably safe to say, however, that exchange¬ 
able manganese is the only important store of the bivalent ion 
available m alkaline soils of any considerable degree of maturity, 
At pPI values above 7, bjivalent manganese is easily oxidized 
in the air to a higher valence The composition of this manganic 
material is not constant, but it may be conventionally written as 
the dioxide, Mn0 2 Piper showed that water-soluble manganese 
(as MnSOJ was"largely converted' 14 into the "dioxide” within 

* His method, however, as is Bhown later in this paper, is hound to underestimate the 
extent of thiB oonversion (Piper, 1031, p 766) 
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three weeks when it was added to a soil of high pH, whether 
deficient or not, at a water content well below satui ation As 
the dioxide is practically insoluble it follows that soluble man¬ 
ganese compounds, when added to a soil of high pH, will be 
precipitated at the surface even moie effectively than other 
elements (such as potassium) which are held by the soil only m 
the foim of exchangeable bases The failure of light applications 
of MnS0 4 to overcome manganese deficiency may be explained 
by the complete precipitation of manganese m the surface inch 
of soil, which can be reached by only a small proportion of the 
root system, le, the failure is positional, not physiological 
This aspect of availability is discussed m general by Spencer 
and Stewart (1934) This concentration of manganese m the 
surface soil under certain conditions was well shown by Bishop 
(1928), who found that the surface soil at a depth of 3 inches 
under a Eucalyptus tree contained 3 to 7 per cent Mn, derived 
from the leaves, twigs, and bark, while the subsoil, and the 
surface soil away from the tree, contained 0 25 to 0 6 per cent 
Mn 


Previous Hypotheses 

The scheme put forward by Piper may be summarized as 
follows —Manganese is absorbed only as the bivalent ion, and 
Mn0 2 is unavailable While at low pH values Mn exists m 
solution m fair concentration, it exists at high pH only as the 
bivalent exchangeable base or as insoluble dioxide There, is 
an equilibrium between these forms, swinging towards the 
exchangeable form as conditions favour reduction, and towards 
the dioxide as conditions favour oxidation The occurrence 
of deficiency on neutral and alkaline soils must therefore depend 
on the oxidation-reduction potential (E u ) of the soil 

Under fully aerobic conditions, the effect of the very low 
solubility of the manganic compounds would be to reduce the 
maximum possible concentration of manganous ions m equili¬ 
brium with the atmosphere to a very low figure, especially if 
bacteria were also oxidizing manganous to manganic compounds. 

Steenbjerg (1933) accepts the same explanation as Piper He 
discusses the prevalence of the disease on light, sandy soils, and 
concludes (p. 428), “ The content of available manganese in the 
soil is controlled by (1) the reaction, and (2) the oxidation- 
reduction conditions ” 

This hypothesis is supported by the fact that some manganese 
present m soils as Mn0 2 may be brought back into solution by 
reducing conditions; this may be connected with the good effects 
of thipsulphate referred to earlier m this paper, but is best shown 
by waterlogging, especially in the presence of a source of bacterial 
energy such as glucose Piper used for many of his tests the 
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deficient soil that occurs locally around Mount Gambler (S 
Aust ) This soil type has been described by Prescott and Piper 
(1931) , it is a highly immature volcanic ash, containing vanable 
quantities of CaCOj The University soil appears to be, m fact, 
a synthetic mutation of the Mount Gambler soil, being light, 
peimeablc, calcaieous, well-drained, and highly immature, with 
an abundance of primary minerals such as augite m the fine sand, 
and of good fertility except for the manganese deficiency The 
similarity extends also to the veiy low availability of added 
MnS0 4 For the effect of waterlogging, Piper compared a 
sample fiom Mount Gambler, of pH 7 4, with a sample from 
the experimental fields at the Waite Institute, Glen Osmond—a 
a red-brown earth, also of pPI 7 4, on which no sign of manganese 
deficiency had been observed These soils weie waterlogged 
under various conditions for three weeks, m every case the 
water-soluble manganese was increased by this tieatment, though 
the healthy soil yielded always more than the deficient soil In 
all cases pot tests showed that deficient soils, after a long enough 
wateilogging, became fiee fiom deficiency during the following 
few months at least, and possibly foi much longer 

It is thus implied that healthy soils of high pH either have 
a lower oxidation-reduction potential, or are capable of developing 
one more easily, than deficient soils It is, of course, conceivable 
that even a well-drained soil on account of natural heterogeneity 
might contain numerous tiny waterlogged patches in which the 
dioxide might be reduced However, the following facts show 
that this explanation cannot be right 

Experiments on Waterlogging 

The alkaline “ deficient ” University soil, sampled to 8 inches, 
was compared with the sulphured, healthy soil from neighbouring 
plots, and with the surface soil from Dooen, m the Wimmera 
district of Victoria This soil is typical of the so-called “ Wim¬ 
mera Black” soil It is a giey self-mulching clay, slightly 
calcareous and of pH 7 3, it produces good crops of wheat m a 
normal season, and the dry matter of the crop contains 90 p p tn 
of manganese 

Samples of the deficient (alkaline) and of the healthy 
(sulphuied) University soil, and of the Dooen soil, weie water- 
logged at laboiatoiy temperatures (about 10° C ) both with 
and without the addition of 0 25 per cent of their weight of 
glucose, and at the end of three weeks were shaken for an hour 
with enough water to bring the soil water lation to 1 5, and 
filtered through candle filters This was the method used by 
Piper, whose figures for the Mount Gambler and Glen Osmond 
soils are also included m Table VIII for comparison, though 
doubtless the temperature of waterlogging was considerably 
higher m his experiments 
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Table VIII —Amounts of Manganese made Water-soluble 
by Three Weeks' Waterlogging 


(Parts per million ) 


Waterlogged without glucose 
Waterlogged with 0 25 per tent 
glucose 


University Sail 

1 

Dooen 1 

Mount ! 
Gambiei ^ 

(U< n 
Ouimmd 

Alkaline | 

Sulpliuxcd 1 

J 

0 08 

2 8 

0 02 


0 d 

2 5 

11 8 

2 (i 

| 5 1 

j 13 0 


It will be seen that the wateilogging lias brought manganese 
into solution m gieatest amounts in the Glen Osmond and healthy 
(sulphured) Umveisity soils, but the equally healthy Dooen soil 
has yielded less soluble manganese than the two deficient soils 
studied In anothei experiment on the Dooen soil not a trace 
was found The watci logging with glucose shows a similar 
ordei of lesults 

Even under intensely reducing conditions the Dooen soil 
cannot produce manganous ions for the soil solution But, m 
fact, the Dooen soil is more actively ovidizing than the deficient 
University soil This was shown by shaking each soil with 
solutions of benzidine and of guaiacum, which aie tinned blue 
by actively oxidizing soils The Dooen soil gave a good colour 
wkh each reagent, while the University soil gave no colour 
This test will be seen to support the suggestion put for waul 
later in this paper 

Experiments with Leaching Reagents 

Piper also found that the Mount Gambler soil yielded only 
4 2 p p m of soluble manganese to rapid leaching with cold 0 05N 
sulphuric acid, while the healthy Glen Osmond soil yielded 65,7 
p.pm Further leaching with the same acid containing 0 2 per 
cent quinol in each case dissolved relatively huge amounts of 
manganese, presumably fiom the state of Mn0 2 (again using this 
formula in a conventional way), This supports his idea that 
a deficient soil contains only small quantities of exchangeable 
manganese, while it may be rich m the dioxide 

The same extracting method was therefore tried on both 
deficient (alkaline) and healthy (sulphured) soil from the 
University plots, and also on alkaline soil to which manganese 
sulphate had been added In each case 30 gm samples of air- 
dry soil were leached first with 500 cc of 005N H 2 S0 4 , then 
with 500 c c of 0.05N H 2 S0 4 containing 1 gm quinol m 
solution 



Manganese Deficiency 


241 


Table IX— -Amount. s of Manganese Dissolved from Soils 
by Leaching with Various Reagents 

(Pails per million ) 


(a) Without quinol ( b) With 0 2 per cent qumol 


Soil 

| 

pH l 

DissoH 
05N 3 

^ed by 
:I 8 S0 4 

Dissolved by 
ammonium 
acetate 
pH 4 0 | 

Dissolved by 
ammonium . 
acetate 
pH 7 0 1 

Total 

soluble 

m 

cone 

HC1, 



(a) 

m 

(a) 

(b) 

(a) j 

(&) 


Glen Osmond 

7 4* 

06* 

315* 





200 * 

Mount Gambler 

7 4=* 

4* 

| 124* 

7 5 

, 18 

0 2 , 

3 7 

324* 

Univeisity alkaline 

7 3 

34 

11 

12 

! 

1 ! 

11 

160 

„ -|- 30 parts per 









million Mn 

7 3 

50 

23 



3 

39 


University milphmed 

6 1 

44 

11 



5 

13 


Dooen 

7 8 

97 

160 

10 

170 

Tr 

137 

370 

Tatchera sand . 

8 0 

40 


40 


3 0 

154 


Penola 

6 9* 

0 

<1 



Tr 

0 4 

50* 

Corny Point 

8 0* 

3 

8 

i 

I 


2 6 

S 0 

187* 


* These figures are taken from Piper (193]), and Samuel and Piper (1928) 


Piper's figures for Glen Osmond and Mount Gambler are 
also included for comparison m Table IX 

Ll will be seen that m spite of the mmeralogical and physical 
similarities of the soils from the University and fiom Mount 
Gambler, the results here reported seem incompatible with the 
theoiy discussed at the beginning of this section. There is little 
significant difference m acid-soluble manganese between deficient 
and healthy samples of University soil and the healthy Glen 
Osmond soil, but the most striking fact about the sulphuric acid 
extracts is the very low figure for the “ dioxide ” values (qumol- 
soluble manganese) of the former 

Further tests were therefore made by leaching 30 gm. of soil 
with 500 c c of a normal solution of ammonium acetate at pH 
7,0, followed by further leaching of the residual soil with the 
same solution containing 0 2 per cent, qumol. In a few cases 
additional tests were made m which the solution at pH 7,0 was 
replaced by a solution of ammonium acetate and acetic acid, 
of pH 4,6, normal with respect to total acetate In each case 
the soil was first warmed to 50° with 100 c c of the leaching 
solution, then cooled and filtered under gentle suction, using 
successive portions of 50 cc of the leaching solution at room 
temperature The whole 500 c c took about seven hours to filter. 

Ammonium acetate was chosen partly for its buffer capacity 
as emphasized by Schollenberger and Dreibelbis, who proposed 
its use (1928), and partly because it can be completely destroyed 
in the leachate, so making it possible to use small amounts of 
liquid for estimating the very small quantities of manganese 
sometimes present In spite of these advantages, Steenbjerg 
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(1933) has shown that ammonium is much less efficient than 
calcium or magnesium m replacing manganese fiom alkaline soil 
However, the differences between various soils found m this 
work would almost certainly reappear with other leaching agents 
so long as the pH of leaching were standardized 

Table IX summarizes the results, together with Pipers figures 
already referred to The soils tested included the above- 
mentioned soils, and also the following — 

(1) A sample of Tatchera sand, a Mallee soil, fiom Tresco 
(Vic) This soil has been descubed by Taylor ct al (1933) It 
has a pH of 8 6, and is perhaps representative of the lightci soils 
of the Victorian Mallee Manganese deficiency has never \et 
been found on such a soil 

(2) A heavy clay from Penola (S Aust) This is a reclaimed 
swamp, of pH 6 9, is highly deficient, and has been experimented 
on by Piper (1931) 

(3) A grey highly calcareous soil from Corny Point (S Aust ), 
of pH 8 0 This represents about 10,000 acres of deficient 
country, and work has been reported on it by Piper and by Scott 
(1932) 

Comparison of results for manganese replaced at vauous pH 
values shows how quickly this is repressed by growing alkalinity, 
until at pH 7 the figures are all small, especially for the Dooen 
soil, for which not a trace of manganese could be detected The 
figures for the " dioxide ” manganese, however, show a huge 
contrast between the deficient and healthy soils, the former 
have very little at pH 7, the lattei have a copious supply at all pPI 
values Since the pH value of the soil solution in the alkaline 
and calcareous soils here compared would seldom fall much 
below 7 0, it would appear that the secret of the success of the 
Wimmera soil is connected with the presence, not of exchange¬ 
able manganese, but of active manganese dioxide, which can be 
easily reduced at a high pH value The Dooen soil contains 
more than twelve times as much of this component as does the 
“ deficient ” soil from the University This may explain the 
results obtained with benzidine and with guaiacum, refeued to 
above 

While healthy alkaline soils may be higher m manganese vSet 
free by waterlogging (eg, Glen Osmond) or exchangeable at 
pH 70 (eg, Tatchera sand), than are deficient soils, these tests 
fail for the Dooen soil There is only one respect in which all 
j healthy and deficient soils of high pH are distinguished—viz, 
I m their content of active “ dioxide ” which is brought into 
j solution by 0 2 per cent quinol m normal ammonium acetate 
i at pH 70 It appears, therefore, that quinol is a chemical 
j metaphor for the plant roots in much the same style as has been 
l suggested for dilute citric acid m the problem of phosphate 
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availability This can happen only m one or both of two ways, 
reducing conditions may be set up at the surface of the root 
providing a direct souice of manganous ions from the more 
active dioxide, or else colloidal manganic oxide, such as readily 
oxidizes quinol, can be directly absoibed by the plant In favour 
of the formei possibility, one may quote the observation of 
Schreiner, Sullivan, and Reid (1910), that selemtes may be 
reduced to selenium on the surface of a loot—a reaction that 
calls for a higher i educing power at pH 7 than the reduction of 
manganese dioxide The possibility of colloidal absoiption is 
not geneially favoured, though Comber (1922) has argued m its 
favour, and work on the water-soluble phosphate of soils points 
to it (Parker and Pierre, 1928), while the very considerable 
intake of silica into glasses and cereals growing on soils of pH 
5 or less may well be colloidal Such colloidal material, how¬ 
ever, would seem to be a “ second choice/' being less available 
than ordinary ions, and therefore needing to be present in 
fairly copious amount to avoid a deficiency In either case, 
one must dispense with the belief m an intermediate condition 
of manganous ions m the soil solution, especially m view of the 
failure of the Dooen soil to produce more than a trace of soluble 
manganese under a waterlogging far more diastic than would 
occur m the fi$ld even m a wet winter (since the drainage of 
this soil is good ) 

The success of RMnO x m curing manganese deficiency m 
some cases (Gilbeit et al 1926, Samuel and Piper, 1928) may 
also be explained if it is the most active form of “ manganese 
dioxide ” which prevents deficiency at high pH values I<Mn0 4 
can only increase the oxidation-i eduction potential, so could only 
do harm if that were the important factor However, this salt 
must change very quickly to a bulky mass of colloidal Mn0 2 , 
which is probably very easily available Reports on the success 
of applications of Mn0 2 as such are conflicting, probably because 
the physical state of the Mn0 2 is so important 

It is interesting to note that apparently only two cases have 
been reported of manganese deficiency occurring on soils of 
basaltic or similar origin—namely, the two highly immature soils 
ftom Mt Gambler and the University Evidently the slow supply 
of manganese coming from the rich reseive of primary minerals 
is not enough for the purpose 

Oxidizing Power of Manganic Compounds. 

It is well known that rising alkalinity increases the power 
of solutions of given strength of either Pe++ or Mn++ to 
reduce many oxidizing agents such as oxygen The interaction 
with oxygen is clearly seen in the rapid deepening m colour of 
ferrous and manganous hydroxides as soon as they are precipi¬ 
tated The prior formation of an actual basic precipitate of 
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the bivalent form is not necessary to this oxidation, since 
ammomacal solutions of MnS0 4 , if exposed to the air, show a 
rapid separation of a manganic deposit, while all but strongly 
acidic solutions of FeS0 4 ate smulaily attacked In each case 
this effect is due to the veiy low solubility of the hydroxide of 
the more highly oxidized ion The oxidation-reduction potential 
(EJ at 30°C of an inert electrode dipping into a solution 
containing ferric and fenous ions in molar coucentiations per 
liter, [Fe+^+j and [Fe++] respectively, is given by (1), 
where the low concentrations considered may be taken as equal 
to activities — 

=1*0 74 + 0 06log-S^i -■ •• (1) 

If the solution is m equilibrium with solid Fe(OH) 3 (which 
might well be the case at pH gi eater than 3) one can combine 
this formula with the solubility product of Fe(OH) s , namely — 

[Fe + ++] [OH"] 3 = 10- 36 , 

or multiplying by [H + ] 3 , and using the relation [H + ] 3 * [0H~] 3 

= 10- 42 , 

[Fe +++ ] = 10 8 [H+] 3 

(1) now becomes— 

E x = 0 74 + 06 log —144* 

1 * [Fe++] 

= 074+0 36- 18pH- 06Iog[Ee++] 

One may arbitrarily fix [Fe ++ ] at 10“ 5 (about 0 5 parts per million 
of soil solution), since it is unlikely to exceed such a figure If [Fe + *■] 
is thus considered constant, this gives .— 

E x = 1 40 — 18 pH .. . (2) 

This great fall m oxidation potential with rising pH is due 
to the removal of ferric ion m an insoluble foim, a similar fall 
may be obtained without a change m pH by the addition of ions 
such as F” or C 2 0 4 , which form stable complexes with 
Fe+4-4- and so again remove it from the system. In such a 
case, ferrous salts can reduce cupric salts, as described by 
Muller (1908) 

In the case of manganese, the potential for a solution in 
contact with solid MnO s is given different values by diiferent 
workers; as the accurate value is of minor importance m this 
argument, we may use the value given by Latimer and Hilde¬ 
brand (1929) *— 

B.-1-3S+ OSbgjpL . . (3) 

Keeping [Mn++] constant at 10 -s , this gives 

Eg =1 48 — -12 pH 


(4) 
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The rale of fall of potential with rising pH is three times 
(for iron) and twice (for manganese) the rate of 0 06 volts per 
pH shown by the oxygen, qumhydrone, and hydrogen electrodes 
It follows theiefore that the compounds Fe(OH) s and Mn0 2 are 
much stronger oxidizing agents and so more easily reduced, in 
an acid than m a neutral environment. The importance of this 
fact (illustrated in Fig 1) has not been realized enough by soil 
scientists, although the use of excess acid to prevent or destroy 
any Mn0 2 precipitate has long been a commonplace of titrations 
involving KMn0 4 and oxalates Very strong acidification raises 
Mn0 2 into the region of oxygen overvoltage—solutions in fairly 
stiong H 2 S0 4 , for instance, slowly evolve oxygen on standing 

The use of the term rH is convenient here This may be 
taken (for 30° C ) as the thirtieth part of the difference in milli-) 
volts between the system considered and the'normal hydrogen 
electrode at the same pH, the rH value of the system 
Mn0 2 — Mn++ at pH 0 from (4) would be 49 3, and at pH 7 
it would be 35 3 I'he iron system would have rH = 34 3 at 
pH 3, and 18 2^ at pH •!7—le, a fall,of two and four rH units, 
respectively, for every rise of one pH unit 

As yet, little is known of the factors controlling the E h (oxida¬ 
tion-reduction potential) and the rH of soils Hemtze, however, 
has shown (1934)Tthat the soils yhich she studied he m a range 
of rH just abovtrlhe qumhydrone system, and this rH seems to 
be independent of pH However, it must be emphasized that in 
so far as the potential is set by the system (Mn+ + , sat Mn0 2 ), 
it should give a lower rH on liming and a higher rH on 
acidification 

This point was excellently brought out by Sen-Gupta (1925), 
who measured the amount of phenol which was destroyed by 
rapid oxidation when it was addd^ to various soils which had 
been brought to a low pH value by previous treatment with an 
acid, followed by a leaching out of the free acid It was shown 
conclusively that this oxidizing power of soils depended on their 
content of MnO a , Fe 2 (S0 4 ) 3 was only very feebly active This 
power could be destroyed by mineral acids strongei than 4.5 N, 
especially by concentrated HC1—l e, the conditions where Mn0 2 
has its highest rH, so is most easily destroyed So long as thi& 
limit was not exceeded, the stronger the acid treatment the better 
(he destruction of the phenol It was also found that the power 
of the soil to destroy phenol was removed by treatment with 
citric or tartaric acid. These acids, being strongly reducing, can 
dissolve Mn0 2 , being themselves oxidized in the process; working 
on the manganiferous soils of Hawaii, Dean and Dean (1929) 
noticed that citric acid was largely destroyed by the active Mn0 2 
that was present, so that citric acid extractions for phosphate 
were often useless 

14051.—3 
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But if the pH of the soil was raised to the alkaline range (by 
washing with alkali), phenol was no longer destroyed, ie-acii y 
mg largely restored the power to oxidize phenol lapiclly inere 
must obviously have been a big diffeience m pH values between 
the alkah-ti eated and the acid-treated samples—probably enough 
to change the gap of oxidation-i eduction potential between sou 
and phenol by 300 to 400 millivolts or 10 to 13 rl L units, the 
actual pH figures, however, were apparently not measmed 



pH pH 

1 (a) Fig. 1 1 ( b) 

Fig. 1—1 (a) Eh values, and 1 (6), rH values, of various systems, 
numbered as follows — 

1 O a +4H 1 + 4e = 2HjO 

2 Mn0 2 + iH - * + 2e = Mn + 1 (10-*M) +2H.0 

3 Fe (OH), + 3H+ + e = Fe M (10- S M) + 3H,0 

4 Normal Soil 

5 H s SeO s + 4H h + 4e = Se + 3H,0 

6 C e H 4 0 2 + 2H+ + 2e = 0 8 H,0 2 

7 Waterlogged Soil 

8 2H h + 2e = H 2 

Most of Sen-Gupta's tests were made on soil that was treated 
with acid for 20 minutes, then washed free of acid and tested 
with the phenol. If the acid was allowed to stand on the soil 
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for some days, the phenol-destroying power of the soil gradually 
decreased It seems very likely that during this period the 
organic matter of the soil giadually reduced the MnO a —an effect 
that would be impossible at the pH found m the field, on account 
of the very different gap of oxidation-reduction potential between 
Mn0 2 and oigamc matter at the two pH values of about 1-2 and 
6-7 respectively Soils rich m organic matter were less active 
than others; this may have been due to the absence of much 
MnO s m the original soil, or to its partial destruction by organic 
matter on acidifying 

Figs 1 (a) and 1 (&) represent graphically the mam issues m 
this argument 1 (a) shows the actual difference m potential 
(E h ) between the various systems and the normal hydrogen 
electrode, while 1 (b) shows the same systems reduced to the rH 
scale, on which the value for the hydrogen electrode at all pH 
values is taken as zero The systems (Mn++, Mn0 2 ) and 
(Fe+ + , Fe(OH) s ) are plotted m each case foi an arbitrary 
concentiation of 10 -5 gm-ions per liter of the bivalent ion (such 
as would not lie likely to he greatly exceeded) m equilibmim with 
the solid oxide or hydioxide of higher valence The absolute 
level of the E h and iFI lines must depend on this aibitrary con¬ 
centration, and incidentally there is no agreement about the 
noimal potential of the foimer system However, the object of 
the graph is to illustrate the smallness of the rH gap between 
Mn0 2 and normal soils at high pH, as contrasted with the biggei 
gap between MnO a and normal soils at low pH, and that between 
Mn0 2 and waterlogged soils at high pH values. The rH of 
normal soils is a rough average taken from Heintze (1934), while 
that of waterlogged ^oils is a similar average takefi from Gillespie 
(1920), who found a fall due to waterlogging of about 13 rH 
units for the soils under test It is of course not implied that 
these potentials of soils necessarily follow a straight-lme formula; 
the lines as diawn are meant to represent the most typical results 
obtained to date. 


Quinhydrone Drift. 

It is known that the pH values of certain soils are hard to mea¬ 
sure accurately with the quinhydrone electrode The potential 
shows a rapid drift in the direction of increasing alkalinity, 
amounting to several tenths of a pH unit within a few seconds 
after adding the quinhydrone This effect has been studied by 
several workers, and the information was well summarized by 
Best (1931), who showed that it is due to “ active ” Mn0 2 , which 
rapidly oxidizes the qumol of the quinhydrone The Mn(0H) 2 
thus produced is an active base, as pointed out by Schollenbeiger 
(1928), so that the pH of the suspension steadily rises Best 
estimated this “ active Mn0 3 ” by determining the manganese 
liberated from the soil by 0 OSN H 2 S0 4 + 02 per cent quinol 
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It would seem from the soil analyses quoted in Table IX , and 
from the above account of Sen-Gupta’s work, that such a method 
is liable to lead to too high a figure It is the Mn0 2 active at the 
pH of the soil (usually 6 to 7) which is responsible for quin- 
hydrone drift ”, and it appears more satisfactory to estimate such 
Mn0 2 by leaching with a dilute solution of quinol at approxi¬ 
mately the actual pH of the soil, as is done, for example, m the 
neutral ammonium acetate method described above Sen-Gupta\s 
test of the destruction of phenol is a qualitative test similar to 
Best’s, showing only acid-active Mn0 2 Other qualitative tests 
for active Mn0 2 are carried out at the soil’s own pH, viz, the 
blue colour developed with alcoholic guaiacum or with benzidine, 
and the green colour developed on long standing with KCNS, 
as was discussed by Brewer and Carr (1926) 

The concentrations of Mn0 2 found in healthy alkaline soils m 
this work are of the order of 0 01 per cent Mn This is below 
the level at which Best found that the quinhydrone electrode was 
liable to “ drift ” Hence, one need not expect that all healthy 
alkaline soils would show a “ qmnhydrone drift ”, but it must 
follow from the hypothesis suggested m this paper that a soil 
showing such a drift cannot be associated with manganese 
deficiency It is interesting to note that of the soils listed by 
Best, the deficient Mount Gambler soil does not drift, while the 
healthy Glen Osmond soil does so Schollenberger (1930) 
describes how a ct drifting” soil lost its power to drift after leaks 
of natural gas had made it anaerobic, so reducing MnO, to 
Mn(OH) 2 

Nature of Manganic Compounds (“Mn0 2 ”) in Soil. 

The state of this active manganic material in the soil is not 
at all clear It appears that the manganic oxides may form a 
continuous series, from the most active to the most inert, for 
convenience, one may separate these oxides into four classes— 
(a) extremely active, capable of oxidizing qumol at pH 7 and of 
oxidizing the organic matter of the soil rapidly in sulphuric acid 
suspension (pH 1 5 to 2) ; (b) also very active, capable of oxi¬ 
dizing quinol at pH 7, but only slowly attacking organic matter 
at pH 1 5-2, (c) moderately active, capable of oxidizing qumol 
at about pH 2 or Na 2 S 2 0 4 at pH 7 (see Table X below) , and 
(d) inert (including all the remaining manganic compound) The 
total Mn of the soil also includes (e) bivalent Mn present in the 
minerals of sand, silt, and clay 

Best, for instance, (1931), found that a soil from Bundaberg 
(Queensland), which gave a bad drift with quinhydrone, yielded 
0 32 per cent of manganese to dilute sulphuric acid, and a further 
0.27 per cent on adding quinol or ferrous ammonium sulphate to 
the sulphuric acid These two'figures would correspond respec¬ 
tively to (a) and to (b) .+ ( c ) Sen-Gupta’s test for active 
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Mu 0 2 ” would also give (b) + (c) Only (a) and ( b ), 
however, are concerned in insuimg against manganese deficiency, 
causing £t qumhydrone drift ”, or reacting with guaiacum 

It is suggested that this difference m activity is to be put in 
the same category as the “ageing” of colloids The active 
fraction (a) is then analogous to the fiesh precipitate obtained 
m the reaction between a peimanganate and a manganous salt 
Such a piecipitate, after thorough washing with 0 05N H 2 S0 4 , 
when mixed with Mt Gambler soil (also well leached with the 
same acid), will give large quantities of Mn to the solution on 
further leaching with 0 05N I-LSO* (Probably most normal 
soils will do the same as Mt Gambler ) Schollenberger (1928) 
ascribed the piesence of Mn, m a filtrate of a mixture of soil and 
01N PI Cl, to the same reduction The fraction ( d ) on the 
other hand is analogous to the most resistant residues of 
pyrolusite, which dissolve in oxalic and sulphuric acid only after 
prolonged boiling In this case, all the fractions are thermo¬ 
dynamically capable of performing the reactions described, but 
they differ enormously in the speed of reaction 

Robinson (1929) and Sen-Gupta (1925) agree that active 
MnO a is present mainly in the coarser fractions While this 
statement is no doubt true of the more definitely mangamfeious 
soils, no attempt has been made to test it in the present work 
with regard to the soils under study, in any case, colloidal activity 
might well be shown on the surface of the coarser particles 

However, all this discussion assumes that the formula of 
manganic oxides in the soil is uniformly Mn0 2 , whereas m fact 
' there would probably be compounds of every combining propor- 
< tion from MnO to MnO a , which might differ chemically m their 
oxidizing capacities In the absence of any information on this 
matter it is not considered further here 
This separation of Mn0 2 mto four categories does not rule out 
the possibility of change from one state to another Such 
changes are inevitable m a dynamic system such as soil The 
dynamic equilibrium, 

Exchangeable Mn Unavailable Mn0 2 , 
of former workers, however, may now be replaced by some such 
series as— 

Exchangeable Mn MnO 2 (a)^Mn0 2 (6) #= Mn0 2 (c) 

=^Mn0 2 (d), 

where it must again be emphasized that the four classes are 
separated by arbitrary tests. Waterlogging will displace the 
equilibrium from right to left, as has m fact been shown by 
Piper (1931) The Dooen soil, for instance, after six weeks' 
waterlogging, showed a rise of ‘exchangeable Mn from 0 to 
8 ppm, and of types (d) and ( b ) together from 137 to 200. 
The speed of any change m the direction ( b ) to ( c ) is quite 
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unknown It may wed be that the change from (t) to ( b ) on 
watei logging takes place by way of the bivalent ion, but it seems 
unlikely that this bivalent Mn should escape almost complete 
oxidation on restoung good drainage 

T vble X —Amounts of Manganese Dissolved from 
Deficient Soils by Various Successive Treatments 
(Parts per Million ) 


Soil 


Mount (lamliier 
Penola 
Corny Point 


( 1 ) Xo leducing agent, ( 11 ) With 0 2 pci cent qumol, (m) Willi 0 4 per nt Na.SO,, 
(iv) WithO 4 per cent Na^O* 

Three of the deficient soils studied here were tested successively 
with moie drastic reagents than the solution of 0 2 per cent 
qumol at pH 7 0—viz , solutions of 0 4 per cent Na^SCh and 
0 4 per cent Na 2 S 2 0 4 , m N ammonium acetate, and then with 
0 2 per cent solutions of qmnol, hist m 0 05N, then m 0 5N 
H 2 S0 4 The lcsults, given m Table X show the success of 
Na 2 S jP k at pH 7 0 m the case of both Gambiei and Corny Point 
soils The acid treatment was not tried on the latter as it con¬ 
tains such large amounts of CaCO^, but m the case of Penola, 
treatment with 0 5N acid -j- qumol was needed to dissolve even as 
much as 1 of the 50 parts of Mn which every million parts of this 
soil contain From these figuies one might have predicted the 
results actually obtained by Piper (1931, p 771) m pot tests— 
viz , that Penola soil (which has hardly any Mn0 2 of class (c)) 
would respond more to added Mn than to waterlogging, that the 
Mt Gambler soil, with plenty of class (c), would show the best 
response to waterlogging of the three, while the Cotny Point 
^od would be intermediate 

Figuies are included m Table IX which show that the Uni¬ 
versity soil, to which 30 ppm of Mn had been added m past 
yeais as MnS0 4 , gave almost complete xecovery of this exit a Mn 
at pH 7 0 Too much nnpoitance must not be given to the exact 
agreement of these results, on account of the large samplin 0 ’ 
error, but they do indicate that much of the added MnSO, it 
held m the soil in a foim at least as available as the class (I?) 
above Yet symptoms of manganese deficiency were observed m 
the wheat on these plots, and the last two months of growth were 
disappointing This fact is provisionally put down to the com¬ 
pleteness of piecipitation of the Mn in the surface layer of the 
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soil the plots m these experiments weie not dug (in order to 
avoid the risk of mixing the soil of neighbouung plots ) It is 
intended to test at a futuie date how tar the i espouse to added 
MnSOi depends on the thoioughness of mixing of the soil The 
chemical analyses quoted above would ceitainly indicate that a 
fanly active Mn0 2J iE well mixed with the soil to a depth of 
several inches, should be quite as effective as any soluble salt of 
manganese, and 30 p p m of this Mn should ensure against a 
deficiency It is clear that manganese brought into the available 
state by waterlogging must be already intimately mixed with the 
soil 

While the fairly drastic treatment of wateilogging may be very 
good for soils which, like that of Mt Gambler, have large stores 
of Mn0 2 just below the cntical level of availability, it is difficult 
to see how such a mild reducing agent as well-lotted farm-yard 
manure could make available to plants any MnO a except such 
kinds as the plants can m any case secuie for themselves It 
seems moie likely that the good effects sometimes claimed for 
farm-yaid manuie are due to its own content of manganese and 
to its lowenng of pH values 

As the pH value of the soil is loweiecl, moie manganese may 
be leached out, partly, no doubt, by direct ieduction of the dioxide 
and partly because it is easiei foi exchangeable Mn set fiee by 
weatheimg to accumulate at these moie acid levels The 
sulphuied University soil, for instance (Table IX ), evidently 
owes its health to the gieater concentiation of manganese 
exchangeable at pH 7 and to the gi eater availability of this 
manganese at its pH of 6 However, it is not possible from the 
information available, lo deteimme what impoitance to ascribe 
to “ exchangeable Mn ” which may easily be leached out at low 
plT levels but cannot be leached at pH 7 The 34 parts of man¬ 
ganese leached by 0 05N acid hom the University soil must have 
come fiom some other source than the “ (a) + (b) ?> Mn0 2 , 
which alone could provide only 11 paits This source might well 
be a manganous silicate, since the sod is so unmatme, such a 
compound might be dissolved at low pH but be quite unavailable 
at pH 7 It is also interesting to lecall the often-noted fact that 
during the electro-dialysis of soils, manganese is released only in 
the later stages —1 e , as the pH of the soil drops This appear¬ 
ance of manganese may be at least partly clue to the reduction 
of MnO, 

It appears that useful information may be obtained about the 
state of Mn m the various horizons of the soil by the method 
followed m Table IX—leaching with buffered solutions at 
various pH values, containing reducing agents chosen to bring 
the solution to given iH values 

It is possible that some reagent may be found to replace qumol, 
which is troublesome to destroy before analyzing extracts for Mn 
Meanwhile, it may be noticed that deficient soils contain less than 
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15 p p m oi Mn replaceable by noimal ammonium acetate at 
pH 7 0, including the help of quinol, so that one might guess that 
a content of, say, 25 to 30 p p m of this manganese was needed 
to avoid deficiency No moie definite statement can be^ made 
with the piesent figuies In fact, the limit for deficiency 
probably depends on the climate as well as on the crop 

As the pH of the soil decieases, the life of moie active man¬ 
ganic oxides becomes shorter McGeoige (1923), m discussing 
the Hawaiian soils that aie nch in MnO,, says that none has been 
found with a pH below 5 9 At lowei values one would expect 
the oi game matter to i educe the Mn0 2 moie easily, so that bi¬ 
valent manganese would be formed and would be washed out 

Since resetves of “active Mn0 2 ” fall off lapidly with a 
tall m pH, one might foiecast that, other things being equal, it 
is moie dangeious to lime a highly acid than a modeiatcly acid 
soil It may be lemarked that many of the soils that have 
become “deficient” after liming have natiually a very acid 
i eaction 


Effect of Liming. 

Steenbjerg (1933) woikmg on field plots, has shown how 
successive additions of lime to an acid soil quickly lower the 
amount ot manganese replaceable by semi-molar magnesium 
nitrate He also estimated the manganese leached lir successive 
portions of 25, 50, or 100 c c, and showed that while acid soils 
released most of their total manganese m the first 100 cc , with 
alkaline soils this release was much more gradual and piolonged. 
The difference between these two types is shown m Fig 2, where 
the percentage of the total replaceable manganese m the filtrate 
is plotted against the volume of the filtrate, using Steenbjerg’s 
figures From the shape of these curves he worked out a function 
called qS, which is low for acid soils (curve 1), and high foi 
alkaline soils (cuive 2) Steenbjerg concluded that exchangeable 
manganese was bound m a different and a far firmer w r ay m the 
alkaline soils, but though this may be true, the differences 
obtained m the values of qS must be partly due to the fact that 
the leachmg solutions w r ere unbuffered, so that the fiist 50 cc 
would be leaching the soil at a much lower pH for acid than for 
alkaline soils, and so the leaching solution would be more efficient, 
as shown m Table IX Steenbjerg also came to the conclusion 
(p 423) that " Other things being equal, of two soils each with 
the same low figuie for total exchangeable Mn, deficiency will be 
more likely on the soil that has the higher qS value ” One would 
expect a soil to have a higher qS value—a slower rate of libera¬ 
tion of Mn—if it had more CaC0 3 , but it is not clear whether 
CaC0 3 content is included among the “ other things ” that are 
equal 
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Whatever may be the impoitance of this gieatei fiminess of 
holding of replaceable manganese, it is cleai that a great deal of 
the Mn is oxidized by liming, as is shown by the appearance of 
black MnO a on the particles of CaC0 3 (Robinson, 1929), as well 
as by Pipei’s expenments quoted on p 237 The noimal decrease 
in the quantity of Mn available to plants following liming is 
also shown by Steenbjcig’s plant analyses on expenmental limed 
plots, by Mann’s work (1930) in laboratory tests, and by Pipei’s 
work on the increase of Mn absoibed by plants on acidifying the 
soil fiom both Glen Osmond and Mt Gambiei 



Fig 2—Curves to illustrate rate of libeiatiou ol exchangeable man¬ 
ganese from two types of soil, after Stcenbjerg (1933) Curve 1, Soil 
No 685, pH = 5 3 qS = 0 256 , Curve 2, Soil No 1011, pH = 7 6, qS = 4 39 
Each cuive couesponds to the equation y (x T qS) =100x 


The soil, after liming, contains, small amounts of Mn exchange¬ 
able at pH 7, together with very variable amounts of Mn0 2 
soluble m qumol at pPI 7 The very small amounts of exchange¬ 
able Mn may perhaps delay the onset of deficiency disease for a 
few years, Clausen (1931), for instance, states that m Holstein 
the maximum effects are shown six years after overhnnng, and 
a similar position apparently holds for the University soil, since 
when the original, acidic soil was treated with lime, 
pot tests with oats showed manganese deficiency only m the 
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second year after heavy overliming This delayed effect may 
also be connected with the slow piocess of oxidation, by atmos¬ 
pheric oxygen 01 by bactena, by which basic manganous 
compounds aie tinned to MnCL 

The MnCh formed fiom Mn+ after liming to ovei pH 7, is 
probably of the most actively oxidizing kind, but it is possible 
that m some cucumstances it giadually “ ages” and becomes less 
available Though the active Mn0 2 is held to be available, it is 
definitely mfenor to the bivalent form as a souice of plant food, 
so that while a soil may before liming be peifectly healthy with 
10 ppm of Mn exchangeable at pH 7, and no resetve of active 
Mn0 2 , it will no longer be healthy after liming when much of 
the exchangeable Mn is converted into MnO s The healthy 
alkaline soils tested here both contain well ovei 100 ppm of 
active fC dioxide ” Mn 

Lack of available manganese exists natuially on both light 
(eg, Mt Gambier) and heavy soils (eg, Penola), while after 
liming it seems to occur almost entirely on sandy podzols, which 
may sometimes be rich in organic matter The University soil 
is related to the limed podzols on the one hand and to the Mt 
Gambier soil on the othei The deficiency of the University and 
the Mt Gambier soils appears to be connected with their extieme 
immaturity Possibly a w ateilogging, unaccompanied by leaching, 
occurnng even once m many yeais, would cure both of these soils 

Where the deficiency occuis naturally on heavy soils liable to 
waterlogging, as at Penola and m North Carolina ^ Willis, 1932), 
it is probable that the active Mn0 2 as soon as it is formed, is 
continually reduced and washed out, at Penola the total Mn is 
also very low The acid podzols, on the other hand, lose their 
active MnO a by reduction at low pPI, followed by leaching, there 
is less need at low pH values to have the assistance of water¬ 
logging to effect this change The lapidity with which soluble 
Mn accumulates m some acid soils under optimum conditions, 
described by McCool (1934), illustrates this point 

It is suggested that about 25 ppm of manganese soluble m 
ammonium acetate +02 per cent quinol at pH 7 0 is a safety 
limit for heavy liming It is of course essential to test many 
more soils before such a figure can be accepted The number of 
cases of deficiency following overtiming m Austiaha is as yet one 
(here described) or perhaps two (see Bellarme, below), so that 
such tests would need to be made on soils m the podzol belt of 
the United States of America or of north-western Europe Up 
to the present, however, liming has not been earned on to any 
great extent m the podzol belt of Victoria, and the figures of the 
Mn replaced by ammonium acetate at pH 7 0, with and without 
quinol, given m Table XI, refer to some typical southern soils 
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Table XI —Amounts of Manganese Dissolved at pH 7 0 
from Podzolic Soils of Southern Victoria 


— 

University ! 

1 

1 lmboon 

Bellanne 

Coleraine 

Dixie 

Lai pent 

L 

j larragon 

Ammonium acetate 

15 

0 2 

5 

I 

7 

21 

08 

100 

„ +02 
pei cent quinol 
pH of eoil 

! 0 

0 7 

3 

10 

33 

127 

[ 285 

| 5 0 

6 6 

5 4 

G 1 

5 5 

5 8 

6 5 


Of the four soils low m available manganese, the University 
soil showed a deficiency some yeais after overtiming, while the 
Bellanne soil has shown, m a heavily “limed patch, symptoms 
believed to be those of manganese deficiency Pot tests are in 
pi ogress to deteinime whether the other two soils of these four 
aie liable to develop deficiency on heavy liming If the suiface 
soil is shallow, it is of course possible that the subsoil might aveit 
deficiency in the field 

It might incidentally be pointed out that manganese deficiency 
cannot possibly be due to excess calcium ion concentration (cf 
Lundegardh, 1931, p 219) The well sulphuied Umveisity plots, 
on which not a sign of manganese deficiency was seen, had a 
higher concentiation of calcium m solution (as calcium sulphate) 
than the alkaline plots, wheie the most soluble compound would 
be the bicarbonate This higher concentration of the highly 
flocculating calcium ion on the acidic plots was shown by the 
very lapid flocculation of the soil after shaking with water 

Note on the Availability of Iron. 

Plants growing on ceitam calcaieous soils are liable to a 
chlorosis which may be overcome by treatment with iron salts 
As manganese and iron aie both essential to plants, and are 
chemically alike m many ways, it might be expected that the 
availability of non m the soil would be similar to that of man¬ 
ganese Each metal foims well-marked bivalent “ ous ” 
compounds, from which a hydroxide or basic salt may be pre¬ 
cipitated about pT~T 7, and m each case this precipitate is easily 
changed at atmosphenc oxygen to the “ ic ” state, coriespondmg 
to an extremely weak base Again, deficiency is noted almost 
exclusively on soils on the alkaline side of neutrality, and may 
be oveicome by treating the plant or the soil with a soluble “ ous 99 
salt, usually the sulphate The bivalent state m the soil may 
also be reached in each case by reducing conditions such as 
waterlogging 

Feiroui hydroxide is both a weaker base than manganous 
hydroxide, and more easily oxidized Plalvorson (1931) esti¬ 
mated the concentration of ferrous ion m solutions of FeS0 4 of 
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varying pH values exposed to the atmospheie for four months, 
and expressed his lesults by the formula— 

[Fe++] [OH~~] 2 = 48 X 10~ 25 , 
where any attempt to mciease the feirous ion concentration at a 
given pH would lead to the deposition of feme hydroxide He 
also used the solubility pioduct of Fe(OH) 3 , the potential values 
of the fernc-fenous electrode and the oxygen-hydi oxide 
electrode to calculate the theoretical value of the above expression, 
namely— 

[Fe+*-] [OH“] 2 == 3 7 X 10“ 11 

The diffeience between these two values is due to the slowness 
of the reaction But each equation shows that the concentration 
of ferrous ion m solution m a well-aerated soil must be very low 
While infoimation is lacking as to the quantities of exchangeable 
Fe+T to be expected m soils, it has been pointed out by 
Afanassiev (1930), and by Monson and Doyne (1914), that 
the ferrous ion found m solutions extracted from soil by acids is 
due to the reduction of ferric compounds by organic matter at 
low pH values at which ferric compounds are more soluble, and 
hence strong oxidizing agents Manganous ions are liberated at 
low pH values by an analogous leaction fiom manganic 
compounds. 

Both ferric and manganic ions may be luled light out of 
consideration as a source of food for plants above pH 6 The 
only other possibilities lemammg aie the absorption of these 
elements as complex ions, and the use of colloidal ferric or 
manganic compounds, as suggested above, directly, or by 
reduction at the root-soil interface It is the former possibility 
that marks off non from manganese Manganic complexes 
certainly exist, but they aie neither stable nor well-defined, while 
tervalent iron forms complexes, which are soluble at high pH 
values, with several hydroxy-acids, such as citric and tartaric 
acids (It need hardly be pointed out that the ferric ion con¬ 
centration at pH 7 is lower m the presence of citrate than in its 
absence ) It seems very likely that such u ferri-orgamc ” 
complexes are the source of the high intake of iron by plants 
growing on peaty soils after heavy liming Olsen (1930) has 
remarked that comparing soils of the same pH value, chlorosis 
is more likely to occur on soils poor m organic matter—a fact 
which he attributes to ferri-orgamc complexes, a far more likely 
explanation than the common one that the organic matter reduces 
the iron to the ferrous state, which is hard to accomplish m the 
presence of oxygen at such high levels of pH 

On account of these ferri-orgamc complexes, the actual content 
of iron in even highly chlorotic plants growing on calcareous soil 
may be of the same order as m healthy plants (It may even 
be higher, which may be connected with the high stability of 
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fern-organic complexes at pH 7 ) As these chlorotic plants 
leadily respond to sprays or injections of ferious sulphate or 
ferric citrate, it is clear that this chlorosis is due to immobility 
of the lion, le, a physiological disturbance, and Rogers and 
Shive (1932) have suggested that it is due to the failure of the 
affected plants, which all have a sap of high pH, to produce, oi 
conseive, the hydi oxy-acids needed to keep the iron m the sap 
soluble and mobile, and such a failuie is associated especially with 
certain calcareous soils, and also with manganiferous, non- 
calcaieous soils m the pineapple-growing regious of Oahu 

If, as has at times been suggested, the actual intake of iron 
from manganiferous soils is too low for healthy growth, it is 
conceivable that the following reason may hold If iron can also 
be absoibed by the reduction of feme colloids at the root-soil 
interface, a low rH must be reached (at the higher pH values) 
to achieve this, and this lowering of rH cannot be achieved so 
long as active manganic compounds are piesent This, m fact, 
is implied by Willis (1932), who, however, was more concerned 
will the o vidation of iron and manganese Since all the iron 
and neaily all the manganese will m any case be iji the moie 
oxidized foim m a well-aerated, neutial soil, it seems more helpful 
to focus attention lather on the possibility of reduction by the 
root However, it is possible that the suggestion dealt with m 
this paiagraph is superfluous 

Large amounts of iron were liberated by some of the tieat- 
ments descnbed in this paper, but no analyses were carried out 
It might be pointed out here—perhaps a fact of practical 
significance—that apparently no soil has yet been reported on 
which both iron and manganese deficiency exist 

Summary. 

Wheat plants growing on a heavily limed soil have been found 
to suffei from lack of available manganese This state of things 
was improved either (1) by acidification of the soil, most con¬ 
veniently by sulphur, to a pH at least as acid as 6 5, or (2) by 
heavy applications of manganous sulphate to the soil 

The first treatment had no effect on early growth, nor on the 
number of tillers produced m late September, but it led to a far 
higher survival of tillers to gram-beat mg ears, and an met ease 
m the number of grains per ear, and m the weight per gram 
Powdered manganese sulphate had no effect when applied to 
the soil at the rate of 40 lb of the crystals per acre, whether at 
germination or in the spring The best response was obtained 
by applying 1 cwt per acre, sown with the seed, or applied to 
the soil at germination, and a residual effect was noted a year 
later The application of 1 cwt increased the tillering, especially 
when applied with the seed, and also improved the survival rate 
of the tillers and the weight of gram per ear compared with the 



258 


G W Lee per 


control plots, but the MnS0 4 plots weie very mfenor to the 
sulphured plots m these last two values, so that the final yield 
ot giam averaged the best on the sulphured soil 

It is possible that the pooiei suivival on the MnSO A plots was 
due partly to the too great tilleung of the plants, leading to a 
loss in the warm, chy weather of late spimg In any case, the 
experiments definitely show that, if the pioduction oi guun is 
the aim, the moie effective way of dealing with oveiliming, m 
the Melbourne climate at least, is to bung the pH down again 
by the use of heavy applications of sulphur, possibly m more 
than one annual instalment It is, however, possible that lesults 
might have been different if the MnSO^ had been thoioughly 
worked into the soil 

Laboratory tests on various soils have shown that the ciucial 
test among soils of pH greater than 7 is to leach the soil with 
a solution of qumol at pH 7 (noimal ammonium acetate was the 
leagent used) Deficient soils yielded less than 15 paits of Mn 
pei million of soil to this solution, while two typical healthy soils 
tested gave ovei 130 parts per million 

The theory of this test is discussed m connexion with the oxidre*. 
tion-reduction potential of the system (Mn0 2 —H+ — Mn' 1 f~) ( 
Tt is suggested that the plant uses MnO a as its souice of man 
ganese, whether duectly m the colloidal state or by i eduction at 
the root-soil interface, and it is only the manganese dioxide dis¬ 
solved by qumol at pH 7 which can be used by plants, and not 
the more copious supply that may sometimes be dissolved with 
or without qumol at low pH value (1 to 2) The magnitude 
of this figure (Mn dissolved by qumol at pH 7) may be taken as 
a test whether a given soil is liable to develop manganese 
deficiency aftei limmg, though this suggestion can liaidly be 
tested m this country, where no important aieas have suffered 
from overliming 

If sulphuiing is impiacticable (as it will be on a veiy calcaieous 
soil) an “ active 55 MnO a should on theoietical giounds be as good 
as MnSO A , especially if finely divided and woiked well into the 
soil 

It is suggested that information may be gathcied as to the state 
and translocation of manganese m the soil by leaching with a 
series of solutions buffeied to a constant pH and poised to steady 
ranges of rH by a series of materials such as qumol 
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Appendix. 

Method of Analyzing for Manganese 

Manganese was analyzed coloriinetrically as the peimanganate m all 
the above woik, using a Dubosq colorimeter The colour was developed 
by sodium penodatc, usually m sulphuric acid solution, but sometimes in 
phosphoiic acid solution if it was necessaiy to avoid the formation oi 
laigc amounts of calcium sulphate The plant ash material was treated 
with hydrofluouc acid to avoid loss ot manganese as insoluble silicate, the 
hydrolluoric acid being then destroyed with sulphuric acid The ammonium 
acetate solutions were treated by first evaporating them to small bulk 
then destroying organic matter and ammonium ions with aqua regia, 
finally destroying chlorides by treating with sulphuric or phosphoric acid 
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SUPPLEMENIAIU NOTE 

Pot tests cained out in the open since this paper was read ha\e con- 
in mod the above evidence that plants can use “active” MnCb One pot 
(A) contained 25 kg of a typical “ deficient ” soil from Mount Gambler, 
which bet ore being placed in the pot was thoroughly and tmifoimly mixed 
with a fleshly piepaied sample of MnOj containing 2 gm manganese (ot 
<S0 pails ot Mn pei million of soil) This MnCh was made by mixing 
sticmg solutions ot NaMnUt and MnSOi, filtenng the blown precipitate 
and washing it scveial tunes with dilute HaSOi, then with dilute NaOH, 
finally with watei The contiol pot (B) contained 25 kg of the same 
deficient soil Two giams each of supeiphosphate and sodium mtiate were 
applied to the sui face ot each pot, and 0 25 gm MnSOi crystals was added 
at the same tune umloimly to the suiface of pot B Six seedlings ol a 
variety of Tasmanian White Oats (known to be sensitue to deficiency ) 
weie tiansplanted to each pot on 10th October, 1934, when all were m the 
one-leaf stage Tempeiatuies weic noimal during the next two months, 
and 13 inches of ram fell Differences in giowth appealed early m the 
expei imeut, and by 6th December the oats on pot A had tillered vigorously 
and weie free from any sign of deficiency, while marked symptoms of 
“grey speck” weie shown by the plants on pot B, which had made only 
pool giowth This cleaily supports the suggestion that the failure ot 
smface applications of manganese salts is due to “positional” unavail¬ 
ability, which may be oveicome by thorough mixing It also makes it 
mote reasonable to expect that Luge applications of MnSOi will bring 
about a permanent cute on any soil, if thoiough mixing is possible 
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Art XV —Some Algae of Victorian Sals 
By JEAN PHILLIPSON, M Sc 

(Government Reseaich Scholar) 

[Read 11th October, 1934 , issued separately, Bill May, 1935 | 

Although for a long time it has been lecogmzed that many 
algae, especially Myxophyceae, grow on the suiface of the soil, 
it is only during comparatively recent yeais that it has been 
realized to what a large extent they inhabit the deepen layeis of 
the soil, and what a significant part they play m its economy 
Their exact role has not yet been detei mined, but Schiamm(34) 
and later Wann(42) considered that they had the power of 
fixing free nitrogen Mooie and Webster (23) also claimed that 
they had obtained definite nitrogen fixation by algae, but as 
their cultures were not free from bacteria, this may have affected 
their results This theoiy was not upheld by Rustol-Roach and 
Page(9) Waksman(40), however, suggests that algae may 
aid bacteria m the fixation of nitrogen by piovidmg the tarbo 
hydiates required by the bacteria Whatever their pail, their 
abundance m the soil suggests that they cannot be without some 
effect on its feitihty 

Algae aie mote abundant m the uppci layers of the soil, but 
they may exist at depths of 100 cm beneath the surface They 
are moie numerous m manured than m unmanured giound, No 
very satisfactory count of then numbeis has been made, but 
accoidmg to Bnstol-Roach(4), they vary from 700 to many 
thousands per giam according to the conditions of the soil 

These soil Algae belong to four gioups, (i) Myxophyceae or 
Blue-green Algae, (n) Chlorophyceae or Gieeu Algae, fm) 
Heterokontae, (iv) Bacillanaceae including Diatoms The 
Chlorophyceae and Heterokontae are universally distnbutcd, 
while the Myxophyceae appear as a geneial lule m gi eater 
numbers m cultivated rather than in uncultivated soils(4), and 
Diatoms appear mostly m soil from old gardens (40) 

In England, America, Germany, and Africa, soil microbiologists 
have succeeded m identifying soil foims lepresentmg ovei a 
hundred genera However, no work of this kind has previously 
been attempted m Victoria or even, for that matter, m Australia 
There have been, however, some investigations m connexion 
with fresli-water forms in Australia and New Zealand As far 
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as Victoria is concerned the most outstanding work is that of 
West (43) on the algae of the Yan Yean Reset voir In this 
work, Piofessor West has identified over 300 species from 
material foiwaided to him by Mi Hardy of the Lands Depart¬ 
ment, Melbourne 

The puipose of this investigation is to identify as many Vic- 
tonan soil species as possible At first it was intended to make 
a count of the number of cells of each species pei gtam of soil 
using the method suggested by Bristol-Roach(6), but this was 
found to be impossible until the forms could be identified with 
gi eater ease It is first necessary to obtain cultures of the 
organisms, and since many algae exhibit polymoiphism m a 
marked degiee, it is piefeiable to isolate each species and obtain 
cultuies which are as far as possible pure—at least free from 
othei algae even if contaminated by bactena oi fungi This 
has not been possible m all cases, but some w r eie readily obtain¬ 
able m puie culture 

The following method was used By means of a sterilized 
«oil augei, 10 giams of soil were obtained, passed thiough a 
sterilized 3 mm sieve, and then placed m a bottle containing 
100 c c of a sterilized mineral salts solution, thus giving a 1 m 10 
suspension The solution was that recommended by Bnstol- 
Roach(6) and was of the following composition — 


KH 2 P0 4 

1 0 gm 

NaN0 3 

1 Ogm 

MgS0 4 *7H 2 0 

3 gm 

CaCI 2 

*1 gm 

PeCl 3 

01 gm. 

Glass-distilled water 

2,000 o.e. 


Glass-distilled water is essential as water distilled m an ordinal*} 
coppei still is unsuitable foi this work, since even minute traces 
of coppei aie toxic to many algae 

The 1 in 10 suspension was caiefully shaken for half an hour 
m older to thoroughly sepaiate the organisms This piolouged 
shaking was necessaiy because of the difficulty m separating 
the cells of many species on account of the layer of mucilage 
investing them It is because of this difficulty that it has so 
far been impossible to obtain a really satisfactory count of the 
total numbei of algae present m the soil, especially of the 
Myxophyceae After shaking, 50 cc of the 1 in 10 suspension 
were pipetted into an eilenmeyer flask containing 50 cc of the 
sterile mineral salts solution, thus giving a 1 m 20 suspension 
From this second suspension, 50 c c were transferred into another 
flask containing 50 c c of sterile mmeial salts solution giving 
a 1 m 40 suspension This process of half and half dilution 
was repeated until a series of suspensions was obtained ranging 
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m dilution from 1 m 20 to 1 m 1,310,720 m the seventeenth 
flask These flasks weie then exposed to light m a window with 
a noithem aspect, the light stimulating the growth of the algae 
but letaidmg to a eeitam extent the development of contaminat¬ 
ing bacteiia In four to five weeks’ time, the surface of the 
solutions became quite gieen and the algae present were examined 
The soil for the first and second senes of cultures was taken 
from a gaiden at the Melbourne University, the soil being 
derived from Silurian mudstone and sandstone The first sample 
was taken m July, 1930, and m the following March, a second 
senes of flasks was set up m the above manner Thice months 
later, at the end of May, a third senes was set up This thud 
sample was taken fiom vngm Irush soil at Heathmont which is 
also m the Silurian belt From these mixed cultures, puic 
cultures were then obtained as far as possible There are 
two factors which render this task difficult, (l) the mucilage 
investing many foims making them not readily sepai able, and 
(n) their slow giowth m comparison with either fungi or 
bacteria To obtain pure cultures the oidmaiy plating-out 
method was first used The medium was nuncial salts agai, 
175 gm of agar being added to a litie of the mineral salts 
solution previously used This medium is suitable for the 
growth at algae, but is entirely unsuitable for the giowth of 
most fungi and bacteria 

A loopful of the solution m No 1 flask was put m 5 c c of 
sterilized mineral salts solution and caiefully shaken foi half 
an houi From this, 1 cc was pipetted into a sterilized pctii 
dish and then approximately 10 cc of the liquid agar medium 
at about 37° C was run into the petri dish and left to solidify 
This process was repeated with each flask, until a senes of plates 
was obtained In these plates the algae giow in colonies and can 
he cut out aseptically and transferred to fresh media In this 
■way pure cultures of Chlorococcum humtcola (Naeg.) Rabenb 
Shchococttts batillans Naeg, Ulothrtx variabihs Kutz, Buiml- 
lana exihs Klebs, Phormidnim lenue (Menegh ) Gomont, Pho) - 
midium autumnalc (Ag ) Gomont, Trochtscia hirla llansgug, 
PTotococcus vindis Agardh, Chlorella vulgaris Beyennck, have 
been obtained. Many oigamsms identified m the solutions the 
flasks have not so far been obtained m pure culture These 
include Nostoc paludosun Kutz, Nostoc muscorum Kutz, Botry- 
diopsis arhiza Borzi, and many others Other organisms have 
not yet been identified or subcultured The Chlorophyceae are 
by far the most numerous m the cultures, while very few Diatoms 
can be found Only three genera of the Myxophyceae have 
been observed, and these did not develop for many weeks aftei 
the Chloiophyceae first appeared 
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The following ate the species which have been successfully 
identified as piesent m Victouan soil — 


— 

(tiii den 

Soil A 

Qaidm 

Soil B 

Bitbh Sail 

I MYVOHn CJEA13— 




Nostoc paludosum Kilter 

X 

X 


Nostoc museorum Katz 

X 



Anabaena mmutissima Lemm 

X 



Anabaena vanabihs Kutz 



X 

Phnrimdium fovoolarum Gom 

X 



Phormiclium Lenue Gom 

X 

X 


Phoinudium autumnale Gom 

X 



Phonmdium australe, n sp 

X 



Phomndmm subterraneum, n sp 



X 

IT C'tlLOROFin OEAE— 




Chlamvdomonas communis Snow 



X 

Chlamydomonas communis Snow , yai 




grand is, n \ar 



\ 

Chlann domonas giacihs Snow 


> 


OhloiococLum hunucola Rabcnh 

>< 



Glilorella vulgaris Beycunck 




Ouiococcus bicaudatus Grobety 




Ankistrodesmus falcatus Ralfs 




Oocystis soli tana \ ar toi i estris, n vai 

X 



Tiochiscia hirta Hansgirg 

X 

X 


Protocot cub vmdis Agardh 

X 

X 

X 

Munella australis, n sp 


X 


Ulothnx vanabihs Kutz 

X 

X 


Ulothnx subtib&sima Rabenh 



X 

Ulothnx. aeijualis Kut/ 



X 

Hormidium flaccidum A Bi 

X 

X 

X 

Stichococcus baoillans Nag 



X 

Gongrosna austialis, n sp 



X 

Vauchoria ha mala (Vauch ) Lvngb 




III Heterokontae— 




Botiydiopsis aihiza Boizi 


X 


ChlorocloHter minor, n sp 



> 

Opluoostium teirestie Heyward 




Hetorococcus vmdis Ohodat 

y 


> 

Bmmllerxa exihs Klebs 

V 

X 

X 

1 V BaoillartaceaI- — 




Hantzselua amphiovys (Bhr ) Grun 

< 

X 


Navieula mutiea Kut/ 





Myxophyceae. 

The Myxophyceae do not appear in the culture flasks until 
some months after the Chlorophyceae, and as a rule they appear 
m the flasks at the beginning of the series which are less dilute 
Only three genera, Nostoc, Phorvndium, and Anabaena were 
found, though each was lepiesented by more than one species 
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The Myxophyceae are difficult to obtain m puie culture, and so 
far only two have been successfully giown —Phormidiiim 
autinnnalc and P tenuc However, it was quite possible to 
identify the other species fiom the mixed flasks without any 
measure of doubt The following aie the species found, with 
a brief description of each — 

Nosaoc paludosum Ivutz 
(Figure 1 ) 

This species was found m flasks Nos 1 and 2 of the cultuie 
of garden soil A Tiny hemispherical colonies were formed on 
the sides of the flask slightly above the level of the liquid medium 
Where the edges of two colonies met, the sides became flattened 
{Fig I A) Upon examination, each colony was seen to lie 
without a Aim outei sheath (Fig F B), but each individual 



trichome possessed a distinct wide gelatinous sheath (sh), which 
varied in width fiom 1 5-5/x The vegetative cells (vc) of 
the filament measured from 4-5 5/x, m diameter and from 6-9/x 
in length, in some cases the length and bieadth being appioxi- 
mately equal The heterocysts (h) were slightly huger, 
measuring 5-6 fi in diameter and 8-10 p m length The spores 
were oval, being 5-6 Sjx m diameter and 8-9m length 
Although these measurements are slightly larger than those given 
by Pascher for this species, the type of colony without any firm 
outer sheath, the presence of a wide sheath aiound each individual 
trichome, and the type of spores formed seem to place it without 
doubt as N paludosum This species seems to be mainly a flesh- 
water form usually found m ditches and pools This species 
has been recorded by Bailey(2) for Austiaha 
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Nosxoc MUSCORUM KutZ 
(Figure l) 

The occunence of this alga in one flask only of the cultuie 
of gaiden soil A, and, contrary to the geneial lule, m a latei 
and more dilute flask of the senes—No 16—showed that it was 
not widely distributed The colonies formed flat, lnegulai 
masses which floated on the surface of the liquid medium among 
oilier algae m the flask The filaments were flexuous and densely 
entangled The vegetative cells measured 4-4 5/^ in bieadth 
and weie nearly twice as long as broad (Fig 2 A) Hetio- 
cysls (h) were almost spherical, being approximately 5/a m 
diametei The spores (Fig 2 B) weie longer than bioad, 
approximately 6/a m diameter and 8/x in length, and were found 
m chains The sheaths of the trichomes were for the most 
part invisible, being apparent occasionally towards the edges of 
the colonies 



Fig, 44 - i Nostoc mustoiuni Kutz 
A Vegetatn e ti ichome B Spores 3 Anabaena 
mmutissmn Lemm 4 Anabaena vauabilis 
Kut/ li littuaeyst, s sport, gs geimmatmg 
spore, vt vegetative tell, ac apical cell, X 7°° 

This species has fiequeutly been recorded for the soil m other 
countries, but no previous record has been made for Australia 

Anabaena minutissima Lemm 
(Figure 3*) 

Filaments which were found to correspond closely to the 
description of this alga were found growing among the^ algae m 
the cultures of garden soil A The more or less straight fila¬ 
ments were isolated and did not form a definite colony The 
vegetative cells mcasuied 2-2 5 /a m breadth and were slightly 
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shorter than broad, being 1 5-2/x m length Spheiical heteio- 
cysts, approximately 2/x m diameter, were piesent A few 
elongated spoies developed lalei and measured 18-20/* in length 
and 4-5/* m diametei 

AnABAENA VARIABILIS Kliet7 
(Figure 4 ) 

A second Anabacna species was found m the bush soil The 
vegetative cells were approximately as long as bioad, measuimg 
4 5-5/* m bieadth and 4-5 5/* m length, the end cell being 
obtuse-conical The heteiocysts were inteicalary, spheiical oi 
sometimes slightly longei than broad Spores were latei deve 
loped m chains and measured 7-8/* m diametei, and 9-13/* m 
length They weie nevei found next to the heteiocysts 

Bristol-Roacli(4) has recoided this species as piesent in 
English soils 

Phormidium rovEOLARUM (Montague) Gom 
(Figure 5 ) 

This alga was found m garden soil A, always m association 
with P tenue and P autumnale , and was theieforc veiy hard to 
sepaiate and obtain m pure culture The cells of the tuchomc 
were moie oi less quadiangular, sometimes shorter than bioad, 
but nevei longei The breadth measured appioximately 1 5/*, 
while the length was from 0 8/x-l 5/* The trichome was pale 
blue-green m coloui and was distinctly constricted at the tians- 
verse walls The end cell (a c ) of the tuchome was lounded 
and did not taper The sheath (sh) was nanow and colourless 

P foveolarum is a teirestiial species, but has not previously 
been recorded for Australia 

Phormidium tenue (Menegh) Gom 
(Figure 6 ) 

In flasks Nos 1 and 2 of garden soils both A and B, this 
species occmred frequently m association with P aiitumnale and 
P foveolarum , the thiee togethei foimmg a flat blmsh-giccn 
matted mass adheung to the sides of the flasks or sometimes 
floating on the smfaee of the liquid 

1 honnidium tenue is one of the two Myxophyceae which have 
been grown in pure cultuie on agar The tnchomes were a 
pale blue-green m colour, the cells measuung from 1 5-2 fx m 
diameter and vaiymg m length from 2-3/*, the end cell fac) 
tapeung The trichome was slightly constucted at the trans¬ 
verse walls, which were more or less indistinct The sheath (sh) 
narrow and could only be distinctly seen wheie the 
filament was broken and the sheath proti uded past the trichome 
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The species has a woi ld-wide distribution m the soil, being 
recoided m England by Bristol Roach(4), m the United States 
of America by Mooie and Cart erf 22), and m India bv West 

It has also l)ecn lecoided foi Austiaha b\ Bailey(2) 



Figs =; ij - Phmmidium <o\eohnim Ciom 6 Phoimicluini tuuie Com 

z Phmmidium autunmlie Gom 8 Phoimidmm australe, n sp g Phonnidium 
subtc 11 aiieum n sp io Chi un>donionas communis Snow A Motile cell 
B /oospoi inguim C Chlanndomou'is communis vai ovata Pla>fau 
t i Chlamydomoins communis Snow vai giandis, n var A Motile cell 

B Zoospm angium 12 Chi imj domonas gracilis Snow sh sheath, ac apical 

tlir c caljptia, ci ulii, s stigma, p pyienoid, ch chloroplast X 700 


PllORMIDJUM AUTUMNALE ( Ag ) Gotn 
(Figuic 7 ) 

This was auothei species which occuired m gaiden soil A m 
the fust 111i ee llasks of the cultuie The filaments veie greyish- 
gieen m coloui with very nairow sheaths (sh) The cells weie 
shorlei than broad, being 4 5-6^ m diameter and 3p. oi less m 
length, and were not constncted at the transverse walls, which 
were often granulated The filament tapered at the apex, which, 
as a rule, was slightly curved with a distinct calyptia (c) on the 
tip of the end cell This species was often found m the flasks 
in asst ciation with P tenuc and P fovcolanuu, but has not been 
obtained an pure culture 

This has been recorded foi the soil m England by Bustol 
Roach(4) 
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Phormidlum austrat,e, n sp 
(Figure 8 ) 

A species of Pho? mid mm occuned m flask No 2 of the culluic 
of garden soil A among the other species of this genus, buL 
could not be identified with any form pieviously described It 
was veiy slow m developing and did not appear m the flask m 
any appieciable quantity until after the othci Phormuhum species 
weie more or less abundant The tnchome was a veiy light 
blue-green, the cells being approximately 4 /a m hieadth and 
slightly shorter than broacl, with quite definite constrictions at 
transveise walls The sheath was veiy nanow and was not 
apparent unless it protruded past the tuchomc The end cell 
(a c ) of the filament was elongated and tapering P Jadmianum 
Com, which also measuies approximately 4/a in the diameter of 
the cells, differs from this form m its colour, being an olive-green 

Celluhs pahs cacrulcis znndtbus , lahs 4ji } laHonbiu paula quam 
longtonbus, constrict is ab muns transverse Extrema cclla 
villi extenta ct attenuata 

Phqrmidium subterraneum, n.sp 
(Figure 9) 

In the cultures of bush soil another Phormidium was found 
which did not agree with any species previously described The 
filaments were greyish m colour, with veiy indistinct tiansverse 
walls The cells of the trichome were approximately 4 5/a in 
diameter and slightly longer than bioad The end cell (a c ) 
was rounded, not tapering m any way and without a calyptra 
The sheath (s) of the filament was nanow and showed only 
where it protruded past the tnchome It seemed closest to 
P ambigunm Com, which, however, is slightly constricted at 
the transverse walls 

Celluhs glaucis, latis 4-5/a, longtonbus paulo quam latioribus , 
non t onstrictis ab muns transvo sis quae confnsa sunt Extrema 
cclla vilh globosa, non extenta ncc attenuata 

Chlorophyceae. 

These are plentiful in all cultures and the majority develop 
within a few weeks of inoculation Chlorococcum humicola 
Rabenli is the most frequent species, while Shchocotcm bacillar is 
Nag and a small species of Chloiclla also appear constantly 
Quite a number of these gieen forms have been obtained m pure 
culture on mineral salts agar In the bush soil cultuies, moss 
protonemas frequently occurred The species identified are 
briefly descnbed m the following pages 

Ciilamydomonas communis Snow 
(Figure 10 ) 

This species, although generally regarded as a plankton species, 
lias been described from the soil by Bristol Roach(4) in England 
In Victoria it was found m cultures from the bush sod and 
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occuned in many of the flasks The cells were oblong-ovate and 
measuied on an aveiage 10-11 /x m length and 5-6 /a m diametei 
At the, antenoi end of the cell there was a distinct papilla fiom 
cithei side of which two long cilia arose The chloroplast was 
cup-shaped with a distinct cential pyienoid A lateial stigma 
occuned ncai the antenor end Reproduction by division of the 
cell contents into daughter cells has been observed, the mother 
rell previously shedding its cilia and settling into a non-motile 
state (Fig 10b) 

Playfair(30) has recorded this species in New South Wales, 
and mentions also an ovate oi broader form of this organism 
which he calls C communis Snow var ovata This description 
seems to agree with a bioader foim of C communis found m the 
soil cultuies (Fig 10c) 

Chlamydomonas communis Snow vai grandis, n vai 
(Figure 11 ) 

This species also occurred m the cultures of the bush soil It 
differed fiom the preceding species only m size, being very much 
laigcr, hence it was thought to be a new variety, C communis 
\ar, grandis The cells were oval with a distinct papilla at 
antenor end, fiom either side of which the two cilia arose There 
was a cup-shaped chloioplast with a distinct central pyienoid 
and a small lateral stigma near the antenor end of the cell 

Non-motile cells dividing to form daughter cells have been 
observed (Fig 11 b) 

Chlamydomonas gracilis Snow 
(Figure 12 ) 

A third Chlamydomonas was found m the cultures from garden 
soil B This species was broadei m comparison with its length 
than the preceding species, also it tapered more towards the 
anterior end, being almost pear-shaped The cell measured from 
11-15/a m length and from 7-8/a m breadth A papilla was present 
at the antenoi end between the two cilia The chloroplast was 
cup-shaped, with a laige pyrenoid towards the posterior end of 
the cell A lateral stigma ivas noted near the posterior end. 
Reproduction typical of the genus has been observed 

The measuiements are slightly laiger than those given by 
Pascher for this species, but otherwise it seems to agree closely 
with the description given 

Chlorococcum humicola (Naeg ) Rabenh 
(Figure 13 ) 

Tins is perhaps the most commonly occurring species, being 
found m most flasks of both gaiden and bush soil It glows 
well on mineral salts agar and is obtainable m pure culture 
without much difficulty 
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The vegetative cells (Fig 13a) are iound, bright gieen, and 
very granulated m appealance The diameter of the cells vanes, 
being on an average fiom 15-17/w, while the niavimum is 22 p 
There is a single parietal bell-shaped chloioplast (Fig 13 eh), 
with one laige p>ienmd (big 13 p) which seems to he opposite 
tiie opening of the chloioplast The pyicnoid seems occasional!} 
to divide into several paits "Hie cell wall (Fig 13 w) is thin, 
about 0 5 fi m thickness Repioduction by zoospoics (Fig 13 z) 
is quite common When the cell leaches a ceitam size the 
contents divide to form fiom 16-32 zoospoics (Fig 13k) When 
these aie leady to he fieed, the mother cell wall (w) becomes 
mucilaginous and finally buists The zoospoics aie approxi¬ 
mately 9/a long and 5/a bioad, with a single pauetal chloioplast 
containing one pyienoid There is an unpig mealed space (s) at 
each end of the zoospoie Two cilia (Fig 13 c) of equal length 
f 10-12/a) are attached to the basal end The zoospores swim 
actively around and finally settle clown, shed their cilia, and 
giadualh become adult lounded vegetative cells 



lugs 13 if> -—13 Chlorocaccum hunucolj, Ribenh A VigUatm icll-t II Zon 
spoiangia C 7oospmts 14 Ohloitlla \ulgaris Bcyeimclc A Vegetative cdls 
B Cells ioumng autyspnieh C Autospores fieed fiom mothei eell 13 Omococcus 
bit audit us Grobcty A Vegetative cells B Cdls dividing i<> Anlastrodesnuis 
falcatus Ralfs A Vegetative cells B Cells fanning autospores, \v wall, cli 
chloroplast, p pjrenoid, m mucilaginous wall, 7 zoospoies, u cilia, eli dilotnplast, 
a autospore, m\v mother cell wall, ap appendage X 700 

This foim agrees with the descuption given by Pascher, but 
seems slightly larger than the normal species In this respect 
it agiees with the Malay form described by Bristol Roach(5) 
This species has been recorded fiom the soil m England by 
Bristol Roach(4), and m America by Moore and Carter (22) 
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Culorella vulgaris Beyennck 
(Figare 14 ) 

This species also occuried frequently m the cultuies of both 
bush and gaulen soil, and has been quite leadily obtained in 
puie culture The cells weie round, vaiymg m diameter from 
S/a-9/x with a thin cell wall Theic was a solitaiy parietal bell¬ 
shaped chloioplast (ch) with one pyienoid (p) which was not 
always distinct 

1 he tepieduction was by means of autospores, 4-8 of these 
being formed within the mother cell wall by the division of the 
cell contents, and being ultimately set free by the gelatmization 
of the old cell wall 

Seveial species of Chlorella, including C vulgaris, have been 
lecoided fiom the soil 

Ourococcus bicaudatus Giobety 
(Figure 15 ) 

Theie seems to exist some doubt legardmg the nomenclature 
ol this speues, synonyms being Kei atococcus tandaius Pascher 
and Dactyhg ou its Intaudatits A Bi , but because of its ability 
to divide vegetatively it has been taken out of Oocystaceae, 
therefoie, it cannot be, a Dattylococcus, and the name Ourococi 
seems to have piionty over Kcratococcus This species was 
found m the cultuies of bush soil only, m one oi two of the less 
dilute flasks It has been grown on plates of mineral salts agar, 
but as yet no very successful puie culture has been obtained 

The cells weie fusiform m shape, stiaight oi slightly bent 
with an appendage at both ends, both of which were pointed or 
one was pointed while the other was more or less lounded The 
length of the cells measured from 25-34/x, including the 
appendages, which weie approximately Sp long The diameter 
of the cells varied from 3 5-6//, The chloroplast was peripheral, 
with one pyienoid, which was often indistinct 

Rcpioduction by longitudinal division w T as observed (Fig 15b) 
Although autospoie foimation may occui m this species, it has 
not been obseived 

This species has been recorded for the soil by Bristol Roach (4; 
m England 

Ankisirodesmus fvlcmus Ralfs 
(Figuit lo ) 

This species agiees with the form described from the soil m 
England by Bristol Roach (4) which, because of its habitat and 
special resistant powers, she regarded as a special form of the 
species A falcatus forma terrestm It has been found m the 
cultures of bush soil only The cells weie crescent-shaped with 
pointed ends, and measured approximately 17-20//, in length and 
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2 5-3 5/x m breadth A single panetal chloioplasl covering the 
entire cell wall was present, but no pyienoid has been obseived 
Reproduction was by longitudinal division into 4 to 8 autospores 
which are set free by the gclatmization of the mothei cell wall 
Play fan (30) recoided the presence of two varieties of A 
falcaiits m plankton m New South Wales, while West (43) found 
it among the algae of the Yan Veau Rescivou, Victona 

OOCYSTIS SOLXTAKI \ vai TERRESTRIS, 11 vai 
(Finnic 17 ) 

A species of Oocystis was grown m seveial cultures of garden 
soil A, being one of the first forms to develop, but dying out 
ot the cultures completely within a few months 

The cells were always solitary, being elongated m shape and 
measuring approximately 7-9/x m diametei and 19-27^ m length 
Each cell contained seveial chloroplasls without pyramids, and 
at both ends the wall was thickened slightly Reproduction wa*- 
by the formation of autospotes, which measuied on an aveiage 
6jj> m diameter by 8-9^ m length No mothei cell with an 
unbroken wall was observed, but m many cases autospoies were 
seen lying within portions of the old mothei wall (see Fig 17b) 
The identification of this species was rather difficult At first 
sight it closely resembled 0 rupestns Kirchner, but upon closer 
observation was seen, unlike this species, to have polai thickenings 
of the cell wall Pascher mentions several vaneties of 0 solitana 
Wittrock This form was veiy close to 0 sohtaiia var clonqala 
Pnntz , from which, however, it differed m the type of polat 
thickening It was therefore regarded as a new variety —0 
solitana, var terrestns 

Species of Oocystis are found as a rule m lakes and ponds, 
and as far as can be ascertained this is the first recoid of one 
from soil West(43) has recorded 0 solitana Wittrock from 
the Yan Yean Reservoir, Victoria, and Playfair(29) has descubed 
many species and varieties of Oocystis m New South Wales, 
among them being 0 solitana Wittrock, all, however, fiom ponds 
or swamps 


Trochiscia iiirta (Remsch) Hansgirg 
(Figure 18 ) 

This alga was found m several cultures of garden soils A 
and B, and has been obtained in pure culture In this condition, 
unfortunately, the organism did not grow noimally, and m many 
cases even developed an almost spineless wall Some Chorcllas 
have been described with appendages on their walls, but as this 
form contained several definite chloroplasts it seemed to be 
undoubtedly a Trochiscia Following Pascher’s key it was 
identified as Trochiscia hnta With this identification, however. 
Professor Fritsch, to whom a culture of the organism was sent, 
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did not agiee However, it has been concluded that the culture, 
on reaching him, was not m a normal condition, probably even 
the spines on the walls weie undeveloped or reduced 

The cells were sphencal, vaiymg m diameter from 9 5^-21^ 
with minute needle-like opines covering the outer wall ( Fig 18a) 
Theie were seveial chloroplasts (ch), slightly yellowish-green 
m coloui, some with a pyienoid (p) Repioduction by auto¬ 
spores was common (Fig 18b), the spores developing the 
ehaiacteristic spines on their outei walls only after liberation 
fiom the mother cell 


Several species of TrocJnscia have been lecorded from the 
soil, including T Jurta in England by Bristol Roach(4) 



Figh 1720—17 Oocystis sohtaria \ar tencstris, n vai A Vegetative cells 
B Autospores freed fiom mothei cell 18 Uiocluscia hnta Hansgirg A Vegeta 
tut cells B Autospores being heed fiom mothei e<ll ig Prolococcus uudis 
A gar dh A Single cell B Colon> 20 Muriella australis, n sp A Vegetative 
lc 11 B Autospoiangium ch ohloiopbist, pt polir thickening, a autospoie, 
p pjruioid, o outgiowth X 700 

Protococcus viridis Agardh 
(Figure 19 ) 

Owing to one 01 two doubtful features, the identification of 
llns species was left in abeyance for some time and the organism 
carefully observed m puie cultuie for over a period of two years 
At the end of that time the organism was taken to be a Protococcus 
and mote or less identical with P viruhs This latter, however, 
usually has no pyramid, while in this form from the Victorian 
soil the pyramid was always veiy large and distinct (Fig 
19a (p)) West and Fritsch(44) draw attention to the fact 
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that theie seem to be two species of P vitidi one with a pyienoitl 
and one without Whethei that is so 01 not, it is eeitam that 
this species was nevet without one 

The cells weie sphencal, containing a single penphetal bright- 
green chloioplast (ch) with a laige cential pyieuoid (p) Adul! 
cells measmed on an average 9-10/a m (hametei Repioduction 
was always by \egetative division into two, then fom, , olten 
all the daughtei cells lemaimng logethci to Foim a large colony 
(Fig 19b, c) This is one of the commonest of the gieen algae, 
being world-wide in distiibulion It is found «is a green scum 
not only on damp soil, but on fences, tiee-ti links, &c 

Muriklla australts, n Sp 
(Figui<‘ 20 ) 

In main of the flasks of the ciiltuies of gat den soil B an 
organism w T as ohseived which could not he identified with am 
known species It has been giown m puie cultuie, and caiefull} 
watched for ovei tw r o yeais The cells weie solitaiy and sphencal, 
and contained seveial gieen chloioplast s without pyienoids 'I lie 
ehloioplasts w r eie slightly yellowish-gi een m coloui, hut the cell 
walls gave a veiy dehmte cellulose reaction with chloi-zinc-iodmc 
and no blue colour change w T hen boiled with IICl, hence it could 
not be placed among the I Leterokontae 

Many of the cells m an old culture developed peculnu oul- 
giowths on the cell wall (Fig 20a, o), which were not unlike 
those found m Extent) osphacra Howevei, these thickenings 
were by no means geneial 

Repioduction w 7 as by autospoie formation, four oi moie being 
formed within the mother cell (Fig 20a) Although this species 
has been grown m puie cultuie m mineral salts agar as well as 
in liquid mineral salts, no sign of zoospoie formation has been 
observed 

The organism agieed with the genenc ehaiacteis given by 
J Boye Petersen m his description of Munclla , I ml diffeted 
from his species m being much laigcr, measttung 10-18/a m 
diametei, also m having a thicker cell wall, and thercfoie the 
name Munclla an*baits is proposed foi it 

Celluh ? glohosts, latis 10-18/a cum wuns modne uasns, cl 
aliquot inidibus chromatophons sme pyrcnoidibius Reprodiu- 
twne per autosporcs 

Ulothrix variabtlis Ivutzmg 
(Figme 21 ) 

U vanabihs Kutz was fanly common m the cultures fiom 
garden soils A and B, but w^as never found m the cultuie s of 
bush soil Tt has been obtained m pure cultuie without any 
difficulty 

The organism consisted of long unbianched filaments, the 
individual cells of wdnch measured 12-13/a m length and 7-8/a in 
diameter, with a single green chloroplast (ch) encircling 
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two-thuds of the protoplast, and containing one large central 
pyienoid (p) The end cell of the filament was rounded at the 
apex In a fairly old culture the filaments break up into 2 or 
3-celled fiagments (Fig 21b) This vegetative type of repro¬ 
duction was the only land obseived, the typical method by 
zoospore formation not taking place m the cultures 

This species has been described by Bristol Roach (4) for the 
soil m Great Biitam 



Figs 21-25 —21 TJlothriN: variables Kutz. A Vegetative filaments B Filaments 
brc iking up 22 Ulothrix subtihssima Rabcnh 23 Ulothrix aequahs Kutz A Vege 
tative filament B Filament forming akmetes 24 Hornudmm flaccidum A Br 
25 Stichococcus bacillaris Nag p pyienoid, ch chloroplast, w« thm cell wall, a, akmete 
X 700 


Ulothrix subtilissima Rabenhorst 
(Figure 22 ) 

Unlike the preceding one, this species was found in the bush 
soil only, and did not appear m any of the flasks containing 
garden soil It has not yet been obtained m pure culture The 
filaments were narrower than those of U vanabihs, measuring 
from 4 5-5 5/a m diameter, while the individual cells varied m 
14051 —5 
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length from 11-13/*, and contained a single chloioplast (Fig 
22 ch), encircling two-thirds of the protoplast with one central 
pyrenoid (p) The cell wall (w) was compaiatively thin 

In this species of Ulolhnx again no zoospoie formation could 
be observed This species does not appeal to have been picviously 
recorded foi the soil 

Ulothrix aequalis Kutzmg 
(Figuic 23 ) 

This form was observed m cultures of the bush soil, and 
although small colonies have been found growing on agar plates t 
no pure culture has yet been obtained 

The thick cell wall distinguished it from the foregoing species 
of Ulothrix The cells of the filaments mcasuied approximately 
12/a in diameter, and were as long as bioad, sometimes slightly 
longer Each cell contained a single chloioplast (ch), which 
covered the entue longitudinal wall and encircled two-thuds of 
the protoplast According to Paschei there may lie two pyrenoids 
present m each cell, but in all these cultures each cell contained 
one pyrenoid only (p) 

No zoospore formation has been obseived, but m many fila¬ 
ments, particularly those m older cultures, the contents of the 
cell have rounded off to form akmetes, the longitudinal walls of 
the filament m these cases being constucted (Fig 23 b) 

This species does not appear to have been picviously recorded 
fiom the soil 


Hormidium fiaccidum A Bi 
(Figtue 24 ) 

A few filaments which have been identified as Horuudnmi 
flaccidum A Br weie found glowing m one or two of the eat her 
oi less dilute flasks of bush soil The size of the chloioplast, 
which coveted a small portion only of the cell wall, distinguished 
this genus from Ulothrix The filaments weie long and mi- 
branched and did not bieak up as readily as many "species of 
Hormidium The individual cells of the filaments mcasuied 
from 5-6/a m chametci and fiom 11-15/a m length The chloro- 
plast (ch) did not cover more than half of the cell wall, and 
contained a distinct pyrenoid (p) The vegetative filaments only 
have been observed, no reproduction having taken place 

Bristol Roach(4) records the piesence of H micas Menegh, 
but this species does not appear have been picviously recorded 

Stichococcus bacillaris Naegelh 
(Figure 25 ) 

This species occurred frequently in the cultures from both 
bush and garden soil It grew particularly well on the mineral 
salts agar, and formed quite a large colony in a few weeks and 
was comparatively easy to obtain in pure culture Although it 



Algae of Victorian SoiU 


27Q 


belongs to the Ulotnchales, the filamentous form was rarely seen 
m culture, single cells pre,dominating or two or three cells united 
m short chains 

The cells agreed m all particulars with the typical foim as 
described by Pascher, being from 3-3 5 /a in bieadth and varying 
m length from 6-11 fi, the ends being lounded There was a 
single, plate-like chloroplast (Fig 25 c), which filled about two- 
thirds of the cell, but no pyrenoid was piesent 

This species is a common terrestrial form and has been recorded 
for the soil by Bustol Roach(4) m England and by Mooie and 
Carter m Missoun, United States of \merica(22) 



GONOROSIRA AUS1RALJS, 11 Sp 
(Figure 26 ) 

This organism occuired frequently m the cultuies of bush soil, 
either as small megulai colonies or shoxt filaments two or tlnec 
cells m length It has been groun on mineral salts agar, where 
it formed spherical colonies By its vegetative, characters it was 
identified as a Gongrosira, but further investigation showed that 
no zoospores were ever formed The organism was carefully 
watched for over a year, and during that period many of the 
larger cells of the filaments became gomdangia, their contents 
dividing up to form numeious small round gonidia or autospores 
which were never motile 
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However, it wab concluded that this was due, to cultuial condi¬ 
tions* as neither Bohydiopsn arhtsct Borzi nor Hclcrotoi cus v it id is 
Chodat, both of which normally foim zoospoies, did so undei 
conditions identical with those under which this alga was grown 
It was, therefore, decided that this species belonged to Gongrosira f 
and it is suggested that the generic descnption he modified to 
include the foimation of non-motile spoies undei cultmal condi¬ 
tions The species, howevei, did not agiee with any previously 
described, being closest to G tcrruola Bustol but huger m sue 
with both mtercalaiy and teimmal gonidangiums 



The thallus consisted of cells of vaiymg sizes branching 
irregularly to form colonies, only slightly differentiated into 
basal cushion-forming cells and upper filamentous ones, the end 
cells of the filament gradually decreasing in size There was a 
single irregular chloroplast (ch) in each cell, usually with one 
pyrenoid (p) but occasionally with two or even three. The 
vegetative cells were generally longer than broad, measuring from 
8-15/i in diameter and from 12-45ju, m length Any of the larger 
cells m ^ the filament was apparently capable of becoming a 
gonidangium (Fig 26 me), the contents dividing up to form 
numerous small round gomdia or autospores (a). The wall at 
the apex of the mother cell became swollen and mucilaginous, 
finally breaking down to free the gonidia 
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Filamentis infcrioribus cum celluhs subqlobosis et supenor - 
thus erectis celluhs 8-15/x lahs, et longis 12-45^ cum singulans 
niacqitahbus clu omatophoru et 1-3 pyrcnoidibus Reproduction 
per gomdangias extremas vel inter calanas cum gomdus mult is 
rotundis 

Vaucheria i-iamata (Vauch ) Lyngb 
(Figtiie 27 ) 

This alga did not grow in any of the cultuie flasks but grew 
m abundance on the surface of a sample of the garden soil A 
which had been placed m a sterile petri dish The filaments (vf) 
measured approximately 35-40^ m diameter Oogoma (o) were 
found on lateral branches, either one or two being piesent on 
each branch from which an antheridium (a) also grew An 
oogonium measured about 70^ x 56/x, being subsphei ical, while 
an antheiidium was 26/u, m diameter, and very much cuived 
This species is frequently found growing on damp soil 

Heterokontae. 

Only five species of Heterokontae have been identified from 
Victonan soils, and of these Bnmillena cxihs Klebs is the most 
fiequent form, occurimg m garden soil A and B as well as m 
the bush soil Heterococcus vmdis Chodat occurs m one series 
of the garden soil and m the bush soil ISotrydiopsis arhiza Borzi 
also is a very common terrestrial form, being world-wide m its 
distubution, but here it was found only m one senes of the 
garden soil cultures 

Brief descuptions of the five species are given 

Ophiocytium terrestre Heywaid 

In a picvious paper(18) the authoi has described this species, 
which was found m the culttues of bush soil The organism 
grew readily m the flasks but could not be obtained in pure 
cultuie It was a non-colonial form not attached m any way to 
some substratum The size of the adult cell (A) varied from 
9-12^ m breadth and up to 135^ m length The cell was slightly 
curved and had a distinct apical cap (ac), while at the basal 
end was a wavy stalk Reproduction by both aplanospores and 
zoospores was observed 

This was the first occasion on which the genus was recorded 
from soil 

Botrydtopsis arhiza Borzi 
(Figure 28 ) 

This species was identified from cultuies of garden soil B, 
but has not been obtained in pure culture The cells were solitary 
and large, with very thin walls, and contained numerous yellowish- 
green disk-like chloroplasts The cells varied m diameter from 
15-30/x, the smaller ones containing fewer chloioplasls 
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No zoospores were observed, but autospot e foimation was 
irequent, this being probably due to cultural conditions The 
contents of the mother cell divided to foim numeious loundcd 
spores which weie freed by the buistmg of the mothei cell 
wall (Fig 28 b) 

This species is a veiy common leuesttial alga and has 
frequently been lecoided for the soil 

Chloroclosier minor, n sp 
(Figure 29 ) 

A small biownish-gieen unicellular alga was frequently 
observed m the earliei stages of development of the cultuies of 
bush soil Unfortunately, it could not be obtained in pure culture 
and later died out completely 



Figs 28, 2Q, 31 —28 Botrydiopsis arliiza 
Borzi A Vegetative cell B Autospoies 
being freed from mother cell 29 Cnloro 
closter minor u sp A Vegetative cell 
B Autosporangium BunuHcria C’tths 

Klebs A Vegetative filaments B Tula 
ments breaking down to form akmelts 
C Cell foimmg zoosprnes ch chlox opl.ist, 
s autospores forming, / /oospoics, li 
li shaped pieces showing X 

The cells were solitary, elongated m shape, and contained two 
or more browmsh-green chloioplasts No starch reaction was 
given with iodine, while with chlor-zmc-iodme the cell walls gave 
no cellulose reaction The alga was therefoie placed m the 
Heterokontae and was found to be very similar to Chloroclosier 
terrestns Pascher, from which it dilfeied m size, being much 
smaller. The length measured from 7-8/x while the diameter was 
2 The cell wall was very thin, and each cell contained two 

or more chloioplasts (ch) 

Reproduction took place by longitudinal division into autospores 
(Fig 29 b). 



Algae of Victorian Soils 


283 


Celluhs sohiatus extenhs latis 2 5 - 4 fx, longis 7 - 8 /x cum duo aut 
multis chromatophons fuscis trndibus Reproductione per auto- 
spores 


Heierococcus viridis Chodal 
(Figure 30 ) 

This alga giew in the cultuies of bush soil and garden soil A 
It developed m a few weeks after inoculation and m the earlier 
examinations was one of the most piomment foims Later it 
apparently died out of the culture This disappearance, however, 
may have been due to the fact that the more mature filaments 
tended to break down into unicellular spherical organisms This 
was pioved by growing a colony on mineral salts agar and 
watching its development (see Fig 30 a, b, c) 



Fig 30 Heterococcus viridu. Chodat A Young colony B Portion of filament 
C Filament breaking up into unicells ch chloroplast, s autospoies forming 
X 700 


Ill its filamentous form, the organism was built up of cells of 
irregular shape and size, longer than broad, and (containing 
numerous disk-like yellowish-green chloroplasts (ch) No 
pyrenoids were present and the cell walls gave a negative 
chlorophyll test with clilor-zmc-iodme The diameter of the 
cells averaged from 7-10/x, while the length varied from 10-60 /jl 
I n the unicellular form the diameter measured from 10-15^, and 
m many of these cells the contents divided up to form numerous 
small spores (Fig 30c (s)) These may have been autospores 
or zoospores which had not then become motile, both types of 
leproduction taking place This form has been recorded for the 
soil by Moore and Carter(22) m America 
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Bcjmilleria exilis Klebs 
(Figure 31 ) 

This was perhaps the most frequently occunng member of the 
Heterokontae, being’ piesent m numerous flasks of both bush 
and garden soil Identification of this species was difficult because 
the so-called charactenstic H-shaped pieces m the cell wall were 
not very evident m the vegetative condition This is apparently 
always the case m this species of the genus, and on this account 
Pascher suggests taking it out of Bumillcna and renaming it 
Heterothnx exihs 

The organism consisted of comparatively shoit unbranched 
filaments, the individual cells measuring 4-5/*, in diameter and 
10~1 5 /a m length In each cell there were usually two chloro- 
plasts (ch), but occasionally moie The species has been obtained 
in pure culture on mineial salts agar and under these conditions 
reproduction took place by the liberation of akinctes The 
contents of an individual cell rounded off to form a spherical 
spore which is set free by the breaking of the cell wall (Fig 
31c) In these circumstances FI-shaped pieces are more 
apparent In one instance only was more than one spore in 
a cell observed Heie the contents lounded off to fmm four 
small spoies It was impossible to tell whcthei these were 
zoospores or autospores as no motile organs weie observed 
(Fig 31 b) 

This species has been previously recorded foi the soil by 
Bristol Roach (4) m England 

Bacillanaceae. 

Very few diatoms or desmids have been identified m the 
culture flasks They do not appear until long after the other 
algae are well established, and only two have been identified 
with certainty, 

FIantzschta ampiiioxys (Ehr ) Gum 
(Figure 32 ) 

This was the only diatom which was found in any appreciable 
quantity It measured on an average 7/*, x 33/*, This form 
has been described by Bristol Roach (4) ’from the soil in 
England and by Moore and Carter (22)' in IT S A 

Navicula mutica Kntz 
(Figure 33.) 

This diatom was identified m many flasks of the cultures 
from garden soils A and B. The breadth of the, valve averaged 
6fi while the length varied from 14-17/*, This species was found 
by Bristol Roach (4) to be one of the commonest soil diatoms 
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From this investigation, it will be realized how veiy cos¬ 
mopolitan are the terrestrial algae m their distribution, many 
forms identified from soils m England, America, and Europe, 
leappearmg here m Victorian soils It is very significant to 
find three algae— Chlorococcuni liiimicola, BumiUena exihs and 
Hantzsclua amphioxys, which Bristol Roach (4) points out as 
being three of the most frequently occurring species m English 
soils—again occupying that position in regard to Victorian 
soils Quite a number of other species which have been identi¬ 
fied m other parts of the world are also piesent here, including 
Nostoc miiscorum, Anabaena vanabihs, Phormidium tenue, 



Figs 32 Ilantzsclna amplnovys (Eln ) Grun 33 Navi- 
culd imitica Kutz X 7<->o 


Phormidium autumnale, Chlamydonnonas communis , Chlorella 
vulgaris, Ourococcus bicaudatus , Ankistrodesmus falcatus, 
Trochiscia hirta, Stichococcus bacillans, Vauchena hamata, 
Botrydiopsis arhiza , and Heterococcus vmdis Some few, such 
as Oocystis sohtana, Ulothnx subtihssima, Ophiocytium 
terrestre , have, not previously been recorded from the soil, 
while others again were found to be new species belonging, for 
the most part, to terrestrial genera eg, Phormidium australe, 
Phormidium subtcrraneum, Munella australis, Gongrosira 
australis , Chloroclostei r minor 

In conclusion I should like to thank all those who have 
helped me duimg this investigation—Professor Ewart for his 
unfailing interest. Dr McLennan for her ever willing assistance 
and helpful suggestions, and Professor Fntsch of the, London 
Umveisity, to whom many specimens were forwarded for 
verification 
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[Proc Roy Sol Victoria, 47 (N S ), Pi II, 1935 ] 

Art. XVI— Victorian Graplohtcs (Nezo Series). Part III. 

By WM J HARRIS, D Sc 
and D E THOMAS, R Sc 

[Read 11th October, 1934, issued sepaiately, Stli May, 1935 | 

The giaptolites described m the present paper are foi the most 
part high Darnwilian forms from the aiea east of Bendigo, and 
include those on which the subdivision of the Darnwilian beds 
is based Others are interesting for purposes of comparison or 
from an evolutionary point of view. 

Biserial forms predominate in the D2 and higher zones which 
have been included by one of us(11) m a Diplograptus series 
Glyptograpti are abundant, including mutations between D 
(Glyptog ) dentatus (Biong ) and D {G ) terctinsculus (His.) 
D (G ) intersitus, sp nov, is one of these, and is so restricted 
m range that it selves as a zonal fossil D ( G.) euglyphus 
(Lapworth) is common m the lnghei beds Dichograptid species 
are still common, but become progi essively rarer in the higher 
beds Many of the Didymograpti show thecal elaboration The 
presence of these complex forms adds interest but also difficulty 
to the task of description, since the material available is for the 
most pait soft, soapy shale in which details of graptolite structure 
are not clearly seen 

A notable feature is the general resemblance of the uppei 
Darnwilian forms here described to those described and figured 
by Bulman(l, 2) from South Amenca Though it seems unsafe 
to insist on specific identity in many cases, it seems clear that 
further work will emphasize the equivalence of horizon of our 
beds to the South American beds leferred to the Llanvirman, in 
spite of the notable absence of the dependent Didymograpti from 
these Victorian beds 

At the end of the paper a list is given showing the position of 
graptolite localities referred to by numbers in the body of the 
paper The stratigraphy of the area fiom which most of the 
Upper _ Darnwilian forms were ^ obtained, with graptolite 
associations and remarks on zoning, is given m an accompanying 
paper by Harris(ll). 

The forms described and figured are — 

Family DICHOGRAPTIDAE Lapworth 

Genus Pterograptus Plolm 

Pterograptus mcertus, sp nov 

Genus Trichograptus Nicholson 

Tnchograptus immotus, sp nov 

Genus Teiragraptus Salter 

Tetragraptus defensus, sp nov 
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Genus Didymograpius McCoy 

Didymograptus cognalus, sp nov 
„ distinctus, sp nov 

„ cuspidatus Rucdemann 

„ compiessus, sp no\ 

„ nodosus Harris 

( p ) Didymogiaptus dubitatus, sp nov 

Family DIPLOGRAPTIDAE Lapwoilh 
Genus Diplograppus McCoy, 

Sub-genus Glyptograptus Lapworth 

Glyptograptus austi odentatus Harris and Keble 
„ intersitus, sp nov 

„ euglyphus (Lapworth ) 

Sub-genus Mesograptus Elies and Wood 
(= Diplograptus McCoy, sensu stricto ) 

( ? ) Mesograptus decoratus, sp nov 
Sub-genus Amplexograpius Elies and Wood 
Amplexograptus modicellus, sp nov 
„ confertus (Lapworth) 

„ differtus, sp nov 

Genus Cryptographs Lapwoith 

Ciyptograptus schaferi (Lapworth) 

Family GLOSSOGRAPTIDAE Lapworth, emend Elies and Wood 
Genus Glossograptus Emmons 

Glossograptus acanthus Elies and Wood 
( ? ) Glossograptus crudus, sp nov 
Genus Lasiograptus Lapworth 

Sub-genus LIallograptus Carruthers 
Hallograptus proteus, sp nov 

Sub-genus Thysanograptus Elies and Wood (= Lasiograptus 
Lapw) 

Thysanograptus ethendgei Harris 

Family ISOGRAPTIDAE Hains 
Genus Cardiograptus Harris and Keble 
Cardiograptus ciawfordi Harris 

Family DICHOGRAPTIDAE Lapworth 
Genus Pterograptus Holm 
Pterograptus incertus, sp nov 
(Fig 1, Nos 1 and la, Fig 2, Nos 1-6,) 

Description,—From a long and slender sicula two dependent 
stipes diverge at an angle usually of more than 90°, but sometimes 
less These in turn, apparently by dichotomy, give rise to a 
number of stipes ranging from three or four to eight, forming 
a Bryograptus -like rhabdosome Thecae of simple diehograptid 
type, 10-11 in 10 mm, 2-3 times as long as wide, with small 
overlap, concave ventral margins and straight or slightly concave 
apertures, the apertural margins approximately normal to the 
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axis of the stipe The sicula is lather less than 1 mm long, and 
the first theca ongmates sub-oially The fiist dichotomy takes 
place sub-orally from th l 1 and th l 2 , and fmther dichotomy 
from succeeding thecae The distal stipes are m every obseivcd 
case less than 1 mm wide and often consideiably less 

Remarks—This form pi ovules an example of the difficulty of 
classifying graptolites by method of blanching By that entenon 
the four-bianched forms might be legarded as dependent 
Tetragraph like T pendens, and the forms with more numerous 
blanches resemble externally Bryograph of a much lower 
horizon, yet the affinities of the species are lather with 
Pterograptus than with these cailier genera Dichotomy may 
possibly be due to the equal spacing of the thecae as regatds food 
supply 

Affinities —The present species can be easily distinguished 
from P seamens Moberg and P lyncus Keble and Harris by the 
general form of the rhabdosome It is a much more lobust form 
than P elegans Holm, from which it diffeis also m thecal 
characters hi general habit it differs from the unnamed foim 
figured by Bulman from Bolivia(l), although a form lesembling 
this occurs in the same beds but has not yet been found in a 
sufficiently well-presei ved stale for descuption 

Localities and Horizon—Widely distributed and locally 
abundant at Upper Darriwilian localities in the Sti athfieldsayc 
district, wheie it is most chaiacteiistic of a sub-zone between 
the zones of Diplograptus ( Glyptograplus ) austrodentatu v and 
D (G ) intersitus For example, on the road near Allot 3 of 
Sect IX, Strathfieldsaye (Caldwell's lac A 169), it is associated 
with D (G ) austrodentatus and D (G ) inter situs , while further 
south (Iocs 283-285) it is associated with D (G ) mtersitus 
At other outcrops of D (G ) mtersitus, apparently higher, such 
as loc 196, it occttis very rarely 

Genus Trichograptus Nicholson 
Trichograptus iMMorus, sp nov. 

(Fig 1, Nos 2a~c, Fig 2, Nos 7, 8) 

Description —Rhabdosome slender, bilateially symmetiical, 
consisting of two main branches which diverge at about 150° hut 
soon turn back to form almost a straight line oi even take up a 
reclined position Each of these gives off, from successive thecae 
near their apertures, secondary branches on the same side of the 
mam stipes These secondary stipes do not divide further 
Sicula long and narrow, the primary thecae also long, narrow 
tubes, about 8 m 10 nun Thecae on secondary stipes about 
10-11 m 10 mm inclined at an angle usually less than 25°, 
slightly overlapping, with apertural margins almost straight and 
generally at right angles to the axis of stipe 
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Remaiks—By its size and general aspect this form may be 
distinguished from Tnchograptus fergusom T S Hall and T 
fragihs (Nicholson) It is probably more closely related to 
T cnnitns Moberg, but differs fiom this Swedish form m having 
more ligid primary and secondary stipes and in having the thecae 
on the primary stipes more loosely spaced—8 m 10 mm as 
compaied with 10—thus spacing the secondary stipes moie 
widely The general characters of the thecae on the secondary 
stipes agree fairly well, but the overlap m our species is, it 
anything, somewhat less than m Moberg's species 

Horizon and Locality—Rather rare m the upper Darnwihan 
beds (zone of Didymograptus nodosus) of Allot 8, Section 
XXIX , Huntly (Bendigo) 

Genus Tetragraptus Salter 
Tetragraptus defensus, sp nov 
(Fig 2 No 9) 

Description —Rhabdosome consisting of four reflexed stipes 
widening gradually from less than 1 mm to nearly 2 mm 
Thecae 16-10 m 10 mm The chaiactenstic featuie is the 
presence on distal portions of the stipes of stout dorsal spines 
1 mm long, at light angles to the axis oi the stipe and numbering 
7 in 10 mm 

Remarks —This description is based on one pool ly-preserved 
specimen, but this is so distinct fiom any foim yet found in 
Australia that special attention is called to it In the nature and 
disposition of its dorsal spines this species lesembles T 
echmatus Clark (3, p 65), but it seems to differ from Clark’s 
species m every other respect—foim, thecal measurements, etc 
The stale of pieservation unfortunately does not permit of 
greater descriptive detail, and should better matenal be found 
latei, the specific description may require amendment Fiom 
the deset lption and figure futuie woikers should be able to 
lccogmze any fragments that may come to light 

Horizon and Locality—The single specimen was obtained from 
a band of pmk and bluish-pui pie shale outuoppmg on the east 
and west road between Sects 25 and 26, Stiathfieldsaye, on the 
continuation of the band marked on Caldwell's plan of 
Stiathfieldsaye as A169 The horizon—high D2 (zone of 
Diplograptus (Glyptograptus) austrodentatus )— closely approxi¬ 
mates to that recorded by Claik foi T echmatus (3, p 56) 

Genus Didymograptus McCoy 
Didymograptus cognatus, sp nov 
(Fig 1, Nos 4a-c, Fig 2, Nos 13, 14) 

Description-—Stipes occasionally up to 3 cm long (longer it 
the reference of fragmentary stipes to this species is correct), 
but usually much shorter, very narrow throughout, not exceeding 
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m our specimens a width of about 0 4 mm, diveigmg from a 
comparatively long and narrow sicula at an angle of 140° 
Thecae 8 m 10 mm, tnangular or slightly concavo-convex tubes 
with so little overlap as to appear to be placed almost end to end 
Inclination very low, apertural maigms straight oi slightly 
concave, almost noimal to axis of stipe. 

Remarks—The descnption of this slendei Didymograptus 
approaches very closely that of Didymograptus affints Nicholson 
In spite of this, the cumulative effect of small differences is to 
give an impression quite distinct from that given by Elies and 
Wood’s figures (4, pi n, figs la, b) On close examination 
it will be seen that the overlap is even less than m the British 
species, the apertuial margins aie less concave, the vential 
margins straighter, and there is no denticle The species seems 
to have had a thin pendeim, and consequently will be hard to 
find at outciops where graptohtes are not especially well 
preserved 

Horizon and Localities—Common, but, oil account of its 
delicacy, rarely well preserved m the upper Damwilian beds of 
Bendigo East m the zone of Didymograptus no do sits, especially 
on the water-race m the south-east coiner of Allot 19, Sect II l , 
Strathfieldsaye (A 164) 

Didymograptus distinctus, sp nov 
(Fig 1, No 3, Fig 2, No 10) 

Description—Sicula relatively long and slendei, IS mm m 
length, but tenuous and often unobservable, its position being 
indicated only by the divergence of the horizontal stipes and the 
unequal length of th l 1 and th l 2 Rhabdosome small, stipes as 
observed not more than 2 cm long, originating nearer the apex 
than the aperture of the sicula and diverging at an angle of 180° 
Thecae triangular tubes with negligible overlap, 9-10 in 10 mm., 
inclined at an angle of 40° or more, vential margins slightly 
concave, apertural margins almost stiaight and making an angle 
of 100° with the distal portion of the stipe 

Remarks—The type specimen shows clearly the diveigence of 
th l 1 , the budding of th l 2 and its horizontal growth We 
are unable to cite any very close relations of this form 
Didymograptus acutidens Lapw MS and D cuspidatus Rued, 
approach it m some respects From the former it is readily 
distinguished by its shoiter, broader thecae, their greater angle 
of inclination and smaller overlap From D, cuspidatus it differs 
in the initially greater angle of divergence (absence of a central 
v), uniform width of stipes, uniform angle of inclination, and 
widely-spaced thecae 

Horizon and Localities—The type is from the Specimen Hill 
and Fryerstown water-race south of the Elphmstone-Chewton 
railway (Cl—upper Castlemamian) It also occurs on the same 
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honzon south of Bagshot lailway station (Bendigo) Near the 
old agricultural show-grounds at Gisborne and in the Lancefield 


district 


(S) 


it is found m Damwilian beds 


Didymograptus cuspidatus Ruedemann 
(Fig 1, No 9, Fig 2, Nos 11, 12 ) 

1904 Didymograptus cuspidatus Ruedemann, Giaps NY, Part I NY 
State Museum Mem 7, p 684, figs 79, 80, pi 13, fig 16 

Descnptioii—Stipes oiigmatmg sub-oially at slightly different 
levels from a compaiatively small sicula at an angle of 150-160°, 
but latei becoming sub-honzontal Stipes 2 cm or more long, 
nairow at fiist but lapidly widening to rather less than 1 mm 
Thecae 12-13 in 10 mm , mature thecae with an overlap of 
one-thnd Inclination of earlier thecae low, increasing to 40° 
or moie m the distal poition of the stipes Apertural maigms 
dightly convex in most cases and appi oximately normal to the 
axis of the stipes 

Remaiks—The above descuption, drawn up from specimens 
from the upper Damwilian of Strathfieldsaye, agrees well with 
Ruedemann's description and figures, which are based on a single 
specimen 

Honzon and Localities —Rare m the high Damwilian beds of 
Allot 19, Sect III , Strathfieldsaye (A 164), and at other Bendigo 
East localities in the zone of Didymograptus nodosus 


Didymograptus compressus, sp nov 
(Fig 1, Nos 6a-c, Fig 2, Nos 20, 21 ) 

Description —Stipes up to 8 cm m length, and from the 
evidence of detached stipes, probably longer, uniformly slender, 
diveiging from a comparatively long and slender sicula at an 
angle of about 120° (though sometimes at a greater or less 
angle),, veiy nairow pioximally but widening gradually till a 
width of 0 6 mm is reached, this width being then maintained 
The stipes swing back to a sub-horizontal position Thecae 8-10 
m 10 mm long, sub-rectangulai tubes, 4-5 times as long as wide, 
m contact fbr one-third to one-half their length, and inclined at 
an angle as low even as 10°, Vential margins slightly sigmoid, 
apertmal margins inclined at an angle of a little less than 90° 
Remaiks—The thecae of this species are characteristic, and it 
is comparatively easy to recognize from a fragmentary stipe 
The thecal tubes seem to be sub-rectangular and wider than deep 
Where m a species such as D extensus a profile view would be 
expected, m this species one seems to look down on the ventral 
side of the thecae m perspective, and this side is often lighter 
m shade than the rest of the rhabdosome Proximal thecae often 
have an indented apertural margin as if the periderm were thin 
and had been frayed from between the marginal lists 
14051 —6 
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Occasionally specimens are found m the Didymograpius nodosus 
zone with spines like those of some specimens of D nodosus 

Horizon and Localities—Common at many upper Damwihau 
outciops m the Bendigo East area and chaiaclenstic ot the 
D ( Glypiog ) into?situs zone between the D2 zone (zone of 
D (G ) aust)odentatus) and the zone of D nodosus It is also 
found, though moie larely, with D (G ) austrode Hiatus, as at 
loc 169, and with D . nodosus It is commonest, pcihaps, at 
Ioc 196 m the State Forest, Sect XIX , Stiathfieldsaye, along 
the Mclvoi Road near the 97m 36 ch railway crossing, and m 
Sect XXIX , Huntly It is worth noting that Bulman’s figures 
(2, pi xxxin, fig 6) of Didymograptus aff euodus show 
considerable resemblance to Didymograpius compressus, especially 
the two fragmentary stipes m fig 6b The honzon of these 
forms is veiy close to that fiom which Didymograpius compressus 
is recorded m Victoria 

(?) Didymogbaptus dub i tat us, sp 110V 

(Fig 1, Nos 5a-d, Fig 2, Nos 22-25 ) 

Descuption—This defiexed form has stipes up to 25 mm in 
length, and probably longer, diverging from a compai atively long 
conical sicula (1 mm long) at an angle of about 135° and then 
gradually flattening out The stipes are veiy slender, not 
exceeding 0 5 mm m width Thecae 10 in 10 mm,, five times 
as long as broad, overlapping less than one-half, inclined at a 
very low angle as they arise and then lying almost parallel to 
the axis of the stipe The proximal thecae have not been clearly 
seen, partly owing to the way they are impressed on the vStipe, 
but appear to be rather more typically didymograptid than the 
distal ones In the distal thecae, as stated above, the apertural 
half seems to lie parallel to the axis of the stipe, due to the 
sigmoidal curve of the eaily portion of each theca In the 
obverse aspect the thecae appear to open into a small but distinct 
excavation, m the levcise aspect the thecal apeitures aie 
somewhat extroverted, with a slight but characteristic constriction* 
These differing aspects point to toision of the thecal axis. 

Remarks The thecae of this species are peculiar, approaching 
those of Atopograptus woodwardi The stipes are so uairow 
that it is difficult to note the chaiactcis of pioximal thecae, and 
small forms with indistinguishable thecal chaiacteis arc included 
m the species The stipes widen gradually for about 1 cm and 
™ et V P ractlcall y parallel-sided Comparison with other species 
is difficult There is some lesemblance to Didymograpius 
compressus, sp nov , but this latter foim is more robust and its 
thecae very different. Atopograptus zvoodwardi Harris is the only 
foim for which fragments of D dubitatus may be mistaken, the 
thecal characters m one form of preservation having a great 
resemblance. D , dubitatus, however, is much narrower than the 
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type specimen of ^ Itopograptus zvoodwarch and its sicula is 
distinctly of the didymogiaptid type This foim is, theiefoie, 
left loi the piescnt as an aberiaut Didymograptus showing thecal 
elaboration, as the development of Atopograptus is not well 
known, the only specimen of that genus showing proximal 
eharacteis at all elcaily being the type specimen, although 
fragments aie common 

Hoiizon and Localities—This species has been clearly seen 
only at one uppei Darnwihan locality (loc 164), at 
Sliathfieldsaye (Bendigo East) It piobably occuis m a similar 
association at other outcrops on the same hoiizon—zone of 
Didymograptus nodosus —but is difficult to recognize except from 
well-preserved material The smallei forms provisionally included 
m the species aie rather common in the Strathfieldsaye high 
Dairiwihan beds 

Didymograptus nodosus Ban is 
(Fig 2, No 27) 

1926 Didymograptus nodosus W J Harns, Plot Roy Soc 
Vic (in)) xxxvm, p 56, pi l, figs 1-4 

Two specimens of this species aie figured showing a 
pronounced development of flexuous spines absent from the type 
mateual. This mci eases the lesemblance of the species to 
Didymograptus s pmosus Rued (17, p 689) If Ruedemann’s 
specimens weie less well-preseived it might lie suggested that the 
two foims were identical, but the detail of D . spmosus as shown 
by Ruedemann in figs 84, 85, shows a form quite distinct from 
D nodosus , The spines are single and arise from the apertures 
of the thecae and also from the “heel,” which is so pronounced 
a fealuie of the thecae of this species As might be expected, 
the spines are best shown on distal thecae. 

Hoiizon and Localities— Didymograptus nodosus is a zonal 
graptohte of the highest Darnwihan beds, being associated with 
Amplcxograplus confcrtus (Lapw,), (•>) Mesograptus decoratus , 
etc The spmose form has been collected at Strathfieldsaye 
(A 164) and at IJuntly (Sect XXIX) 

Genus Diplograptus McCoy. 

Suli-genus Glyptograptus Lapworth. 

Dipuk.uavtus (Glyptograptus) austrodentaius Hams and 

Keble 

(Fig 3, Nos 1-5 ) 

1932 W J Hams and R. A Keble, Proc Roy Soc Vic (ns.), 
xln (1), text figs 1-4, pi v, figs 4-5 

This species is re-figured for companson with Diplograptus 
(Glyptograptns ) intersitus, sp. nov, which is a typical graptolite 
of the next higher zone of the Darnwihan The rhabdosome is 
squat and short (up to 15 mm long) and about 2 mm wide, with 
parallel sides Proximally there is a stout virgella, which is not 
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always visible, but may be 2 mm long The fii si thecae are 
shoit, and the upward giowth of th l 1 and th l 2 is not well 
maiked The proximal thecae have apeitmal spines The thecae 
have well-maiked ventral curvatuie and the apetlines aie slightly 
introverted The vngula is piocluced fot only <i short distance 
beyond the distal end of the lhabdosomc 

Honzon and Localities—This graptohle is the zone fossil and 
commonest foim m the D2 /one ol the Damwilian which has 
been placed as the basal bed of a Diplogi aphis series! 11) 
Characteristic squat forms are figuied, including some which aie 
found as moulds m Allot 2, Sect XI, Sedgwick (A 310) The 
form is extremely common at many localities in the southern 
portion of the Bendigo East aiea, as well as in the Busbane 
Ranges and at the other localities given by Hants and Keble 
(12, p 41) 

Diplograptus (Glyptocraptus) inters! rus, Sp 110V 
(Fig- 1, nos lhi-e, Fig 3, ncxs 7-10 ) 

Description—Rhabdosome comparatively small, avei aging 
about 15 mm, but occasionally reaching 25 mm m length, with 
a breadth not exceeding 2 mm attained within the fust 6 mm, 
usually with a shoit but conspicuous virgula distally and a shoit 
virgella proximally Thecae 13-10 in 10 mm The pioximal 
end is quadrate, just over 1 mm wide, and the first thecae have 
thm apertural spines which are not often presetved The vngclla 
is about 1 mm long 

The sicula is just over 1 mm long (about 12 mm), and 
approximately thiee times as long as broad Theca l 1 auses about 
one-thud of the distance fiom the apical end and grows 
downward befoie growing outward Its aperture is distinctly 
everted Theca l 2 also giow§ distinctly downwaul, and its 
upward growth is stiongei than that of th l 1 Theicafter budding 
is noimal Septum is complete 

Thecae l 1 and l 2 have fine apeitural spines, hut these are not 
always picserved. Ventral maigms show slight sigmoidal 
curvature, and apertural maigms aie either honzontal or slightly 
introverted The low angle of inclination is veiy characteristic- 
generally about 20° Thecal overlap is about one-half, and the 
thecae are 4—5 times as long as bioad, Distally the virgula is 
usually prolonged for a shoit distance, but m some cases it may 
be over 5 mm long 

Remaiks —D ( Glyptograptus ) mtersitus is distinguished from 
D (G ) austrodeniafus by — 

(l) its less sigmoidally curved thecae, with less introverted 
apertuies, 

(n) the narrowness and low angle of inclination of the 
thecae, 

(in) its more tapering and less squat ihabdosome, 

(iv) its more pronounced virgula 
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Its smaller size and nauower and more inclined thecae distinguish 
it easily fiom D (G ) teretiusculus, to which it is closely allied, 
and it may he regaided as a foiei urnier ot that species 
Bulman(1) has descnbed mutations between D dentatus and 
G tcreinisculus, and the piesent foim is similai m chaiactei Its 
common occunence, restucted lange, and constant chaiacteis are 
factots which were consideied m describing it as a distinct species 

Honzon and Localities —Diplograptus ( Glyptoqraptus) inter - 
situs does not seem to occui with D (G ) ‘austrodentatus, the 
typical Diplograptus of the D2 zone, until the higher beds of 
that zone are reached as at loc A 169, Strathfieldsaye It then 
becomes exceedingly abundant as the typical giaptolite of the 
next highei zone as at Iocs 196, 210, 298, etc It then becomes 
less common, but is occasionally lound m the higher beds with 
Diplograptus ( _r) Mcsograptiis) decoratus and Didymograptus 
nodosus Its commonest associates m its paiticulai zone are 
Didymograptus compicssus, sp nov, Lasiograptus ctheridgci 
Hams, Trnjonoqraptus cf cnstfornus Hall, Glossograptus 
acanthus E and W ? Cardioqiaptus actzvfordi Hams, Tcira - 
graptus spp , and Phyllocg aptus cf anna Hall 


DrPLOoRUMUS ( Gl\i>toor\i>lus) cf FUCiiA luius (Lapwoith) 

(Fig 3, nns* 39-41 ) 

1880 Diplograptus ( Glyptograptus) i ugly pints Lapwoith, Ann 
Mag Nat Hist (5), v, p 166, pi 4, figs 14 a-e 
1907 Diplograptus ( Glyptograptus ) teretiuscuius, var cuglyphus 
Lapw Ellcs and Wood, Mon But Giap s, Pait VI, p 
252, text-fig 172, pi xxxi, figs 2 a-d 
198 Diplograptus (Glyptogiaptus) euglypints Lapw Ruedemann, 
Graps New \ nrlc, Pait 2, N.Y State Mus Mem 11, 
pp 369-370, pi 25, figs 21-23, text-figs 315, 316 

Desuiplion— Rhabdosomc typically long and nanow, up to 
4 5 cm m length, with a maximum bieadth of 2 5 mm , widening 
giactually flora a narrow siculai end (0 75 mm) until the 
maximum width is leached m about 2 cm, Theie is a blunt 
vngella 1 mm. long Lateiai opines have not been obseived 
Thecae of the Glyptograptus type, pioximally 13 in 10 mm, but 
distally only 9 oi 10 m the same length, with overlap of about 
one-thud to one-half 

Remarks —In its general foim and tapcimg ihabdosome oui 
species approaches D teretiusculus var cuglyphus, as figured by 
Elies and Wood {vide supra) The thecal measurements, 
however, aie closer to those of D ( Glyptograptus ) teretiusculus 
than to the vanety oi to D cuglyphus as descnbed by 
Ruedemann (18) The pioximal development is the same It 
appeals to be one of the many mutations between D (G ) 
dentatus and D (G ) teretiusculus , but is peihaps best recorded 
as D cf cuglyphus 
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Honzon and Localities—Rate in the Uppei Daiuwiliau as at 
Turners Quairy (Bittern) and on the Howqua Rivei More 
common with D ( Glyptogiaptus ) tcrctiusculus m the lowest beds 
of the Upper Ordovician, as at Ba67 (junction of Jackson’s and 
Riddell Cieek, Gisborne) The Upper Ordovician loim seems 
to have rather more closely packed proximal thecae These 
Victonan horizons can be coi related with the /ones of 
Didymograptus murchisom and of Dtplograpius icretins adits m 
the English succession, indicating that heie D cuqlyphus enLcus 
on a somewhat lower honzon than m England 

Sub-genus Mesograptus Elies and Wood 
(=Diplograptus McCoy, ss ) 

(U Mesograptus decoratus, sp nov 
(Fig 3, nos 31-38 ) 

1874 Diplogt aptus pnstis Iiis R Ethciidge, Ann Mag Nat 

Htst J pi 3, % 18 

1875 Diplogiaptus palmcus (Ban) McCoy, Prod Pal Vick, 

Dec 2, p 32, pi xx, lig 6 

Description—Rhabdosome large, 3-6 cm long, widening fiom 
a blunt proximal end (about 1 0 to 1 5 mm wide) and leachmg 
a maximum width of up to 4 mm, after which this width may 
be maintained or the rhabdosome may narrow slightly and 
gradually The distal narrowing is veiy common Vngella 
conspicuous and partly enclosed m a membianc The virgula is 
usually well shown, and is often produced beyond the distal end 
of the rhabdosome to cany a heart-shaped vesicle Thecae 12-7 
m 10 mm , overlapping about one-half* 

Remarks —The type specimen is preserved as a pseudomorph 
m hmonite, and shows features not observable in the moi c usual 
compressed specimens The difference m appeal ancc between 
the thecae on either side of the ihabdosome is due to the peculiar 
cross-section of the form which is shown in Fig 3, No. 35B 
This makes it impossible, strictly speaking, to lefer the species to 
any of the descubed sub-genera of DiplograpU , but till fuitlicr 
material m relief is available the erection of a new sub-genus 
would, m our opinion, be prematuie, since the sub-gen tnic 
characters are not observable in ordinary specimens Even m 
these, however, the difference between the appearance presented 
by the thecae on opposite sides of the rhabdosome is so constant 
that it cannot be regarded as due to deformation, but must lie due 
to the shape of the cross-section 

On account of the limitation of the chmacograptid appearance 
of the thecae to the proximal portion only, the form is tentatively 
referred to Mesograptus 

The apertural edges of the thecae are undulate (highest in the 
centre) and flanged, and the free ventral surface is also undulate 
with a medial longitudinal depression The cross-section of the 
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rhabdosome is such that no undistoited specimens show what is 
uoimatly the bi~piofile view of Diploqr aptus (cf figs of D 
c ugly pints) This difference will be noticed m Fig 3, Nos 35, 
36, 38 On one side the thecae appear as almost honzontal 
indentations, while on the other they aic haidly obseivable, but 
the low angle of inclination of the thecal walls is very pronounced, 
The apcituie on this side is not obseivable, being directed 
obliquely behind the suiface shown 

Jn Amenca and Gicat Britain trouble has been expellenced 
m sepaiatmg Ample vograptus coclatus fiom Chmacograptus 
anhquus (4, 17), and the difficulty we are faced with is not 
decreased by the lesemblance the piesent form bears to both these 
species and by its possession of a vesicle identical with that 
recorded by Ruedemann (17, p 449) as possessed by C antiquus 
Each of Rucdemann’s figures—with the vesicle at the end of a 
long virgula, or lestmg on the distal end of the rhabdosome— 
may be, paralleled by Victorian specimens On the other hand, 
the cioss-section of the Victonan form is m itself sufficient to 
pi event its inclusion m the genus Clmiacographis 

in measuienients and gcneial appeal ancc compiessed specimens 
ot D dccoratus closely appioacli D ( Amplexog) coclatus 
(Lapw) which occuis on an equivalent honzon, and most 
Victorian recoids of Dtplograpins coelalus aie piobably based 
on specimens of D dccoratus It may be separated from D 
coclatus by its Amplcxograptus aspect in the proximal portion 
only, thus indicating a different cioss-section m the mature 
poition From Butish specimens of D coclatus it is also 
distinguished by its distal vesicle American forms with such a 
vesicle have, as staled, been refeired to C antiquus The 
emphasis placed on the chmacograptid character of D coclatus 
is sufficient leason m itself for our description of D dccoratus 
as a distinct vSpecies having marked resemblances to D coclatus 
Lapworth(20) later emphasized the close relationship of D. 
loclaius and D. ( Glyptograptus ) icrctiusculus D dccoratus is 
a foim which varies greatly, as may be seen fiom the figures, but 
every gradation between these forms may he found. Etheridge s 
and McCoy’s descriptions of the piesent form weie written when 
knowledge of the Diplograph was limited, and it is unnecessary 
now to comment on then figures and descriptions (5, 15) 

Honzon and Localities—Common in the upper Darriwihan of 
Bendigo East, Cobaw (Geol Surv toe B29, QS 5 SW); 
Surprise Gully ( Romsey) j and north-west of Turner s main 
quarry, Allot 27 b, Bittern (Mornmgton Peninsula) It is 
characteristic of the zone above that of Diplograptus 
( Glyptograptus) intersitus , and is commonly associated with 
Didyinograptus nodosus, However, it first appeals with Xh 
inter situs (it has not been recorded in association with D 
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austrodcntatus) , and is also found in beds m which Didymo- 
graptus nodosus, if piesent, is laie It has thciefoie a grcatei 
range than that foirn, and the D nodosus association probably 
indicates the highei beds of its honzon 

AMPLEXOGRArTUS MODTCELLUS, hp llOV 
(Fig 1, nos 10d-f, Fig 3, nos 17-20) 

Description—Rhabdosome small and paiallel-sidecl—only a 
little over 5 mm m length and 1 mm wide Sicular end 
unsymmetrically blunt, piovuled with a thin but conspicuous 
vngella, which may be moie than 1 mm long Sicula nanow, 
1 mm long, the first theca budding some distance fiom its 
aperture and growing downwards along the sicula befoie Utining 
outvaids Thecae closely spaced, 14-18 m 10 mm (7-8 in 
5 mm), alternate, the fiee ventral edges slightly convex, 
excavations long, nairow and oblique, about one-foui th to 
one-third of the free venlial edge and one-thud the width of the 
rhabdosome 

Remarks—This small foim ( modiccllus , veiy little) is similai 
m appearance to Chmacograptus pungens Rued , hut may lie 
separated by the absence of the two pioximal spines and the 
much moie closely spaced thecae It icminds one of C cf 
modestus as figuied by Bulman (1, p 51, fig 22), but differs 
m the character of the proximal end and, what is moie impoitaiit, 
m the presence of a straight instead of a zig-zag septum From 
Amplexogtaptus arctus E and W, it may be sepaiatcd by its 
small size and by the absence of lateial spines Its neaiest ally 
appears to be Amplcxograptus confer tus (Lapwoith), but here 
again its smaller size makes it quite distinct 

Honzon and Localities—Veiy abundant m ceitam hands of 
the Upper Dainwihan (zone of Dictymoqraptus nodosus), 
associated with the characteristic assemblage of that zone Some 
slabs, especially as loc A164, Strathfieldsaye, are crowded with 
individuals showing all stages of growth 

Amplexograptus confertus (Lapworlh) 

(Fig 1, nos 14a, b, Fig 3, nos 21-26) 

1875 Chmacograptus confer Lapworlh, Quart Journ Geul 
Soc, xxxi, p 655, pi xxxiv, figs 4 a-i* 

1880 Chmacograptus confer tus Lapwoith, Ann Maq Nat Jhst 
(5), v, p 169, pi iv, figs 15 a-c 

1907 Diplograptus ( Amplcxograptus ) conferjus Files and Wood, 
Mon But Graps (Pal Soc ), lxi, p 269, text-figs. 
185 a-c, pi xxxi, figs 18 a-c 

Description —Length usually 1 5 to 2 cm , though a length of 
3 cm. may occasionally be reached Width under 2 mm 
(usually about 1 8 mm ) Rhabdosome almost parallel-sided, 
about 1 mm wide or lather more near the proximal end 
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Virgella about 3 mm long, and a vngula prolonged foi about 
the bame length distally Pioxuual end sub-quadiate, spines on 
thecae l 1 and l 2 sometimes preserved Thecae 14-10 in 10 mm , 
m reverse aspect with well-maiked oblique excavations occupying 
one-thud to one-fom th of the vential maigm and one-thud the 
width of the rhabdosomc, m obveise aspect, vential margin 
lounded, apertuial maigm thickened, concave, and oblique 

Remarks—This descnption is so like that given by Elies and 
Wood (the only points of difference being the somewhat looser 
spacing of the thecae and the giadual wudenmg) that we hesitate 
to make it a distinct variety If appears to be nearer the typical 
D (Ample rog.) confcrtus than the A cf confertus figuied by 
Jjulman (1, p 60, pi v, hgs 7-9) In thecal measurements it 
appioaches Amplexograptus differtus , sp nov, but the 
lhabdosome is nariower and has not the decided widening of 
that foim Fiom A arc tits it may be distinguished by its gieater 
width and its more typical amplcxogiaptid thecae 

Hoi i7on and Localities—Common m the Didymograptus 
nodosum zone of the uppei Darnwilian at localities m Sect XXIX, 
bluntly (Bendigo) , less common at othei outciops ol the same, 
horizon at Bendigo East 


Amplexograptus dli-ferius, sp nov 
(Fig 1, no 15, Fig 3, nos 27-31 ) 

Descnption—Rholxtosome up to 2 5 mm long, widening 
gradually fiom a blunt pioximal end and leaching its maximum 
width of 2 0 to 2 5 mm in about 1 cm, this width then being 
maintained Thecae 13-10 in 10 mm , apeitures slightly inclined 
with notably thickened maigms, the apeitmes occupying one-third 
of the width oi the lhabdosome and one-fouith to one-third of 
the fioe edge Virgula occasionally piolonged beyond the distal 
end of the lhabdosome 

Remarks.—I u shape and geneial appearance this species is 
lemmiscent of Amplexograptus perextavalus Lapwoith, hut the 
thecal measuiemonts dilfcr and the excavations aie narrower and 
not so deep, and ate distinctly oblique Its proximal widening 
and gieatei widlh sepal ate it fiom A conferius, and the thecal 
spacing is more lax though the chaiacters of the thecae aie very 
similai Its greater width and somewhat nanowei excavations 
separate it fiom the South American A of confertus figured by 
Bulman (1, p CO, pi v , figs 7-9, text-fig 28) 

Horizon and Localities—Rather common but rarely well- 
preserved m the uppei Darnwilian beds (zone of Didymograptus 
nodosus) of Bendigo East, as, for example, m Sect XXIX, 
Huntly 
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Family GLOSSOGRAPTIDAE Lapwoith, emend Elies and 

Wood 

Genus Glossograptus Emmons 

The mteipretation by Haddmg ( 7, p 310, fig, 1) of the 
structure of Glossograptus leads to the possibility of two gencia 
being confounded under Glossogi aptns The question is teviewed 
by Bulman (1, pp 68, 69) Our material, unfoitunalely, is not 
sufficiently well-preserved to enable us at picsenl to add to the 
discussion, but as septal spines have not been identified with 
certainty m Glossograptus acanthus E and W, and arc certainly 
absent m a new form which we have descubed as ( ? ) 
Glossograptus cm dm , the question of the generic chaiacteis of 
Glossograptus is left open 

Glossograptus acaniixus Elies and Wood, 

(Fig 3, nos 13-16 ) 

1908 Glossograptus acanthus E and W Mon Bnt. Graps,, Part 
7, p 314, pi. 33, figs 4a-c 

Description—Rhabdosome sub-fusifoim, having a length of 
20 mm or more, widening gradually from the sicular end to a 
width of 3 mm or moie, and then narrowing distally Thecae 
10 m 10 mm, aperlural margins distinctly everted, with robust, 
rigid, slightly-curved apertural spines, apparently only one per 
thecae, nearly equal m length to Lhe width of the rhabdosome 
No septal spines have been obseived In the pioximal region the 
spines are directed downwards, but they gradually become 
horizontal and finally have a somewhat upward direction 

Remaiks—The above descuption diffeis only slightly from 
that given by Elies and Wood ( cit. sup). A long but thin vngula 
not noticed m the English desciiption is prominent m many 
Victorian specimens 

After examination of a great number of foims sufficiently 
well-preserved to show external characters at least, we have been 
unable to detect septal or paned apcitural spines. This 
corroborates Elies and Wood's conclusions, and in our opinion 
it is therefore difficult to letain the piesent form under 
Glossograptus as at present defined. The heavy spines of the 
species may be accounted for as being processes formed by the 
strong development of the apertural mucros, as is seen also m 
(Glossograptus cruduSj sp nov. 

No evidence of the early stages of the species is available 
The absence of a record of scalanform mode of preservation may 
be accounted for by the width of the rhabdosome being great 
compared with its thickness, so that it always came to rest m the 
profile position 
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Horizon and Localities—Common at many upper Darnwiliau 
outciops m Bendigo East, m the zone of Dip log ( Glyptog ) 
intersitu ? Locally it is veiy abundant as at loc 196, Strathfield- 
saye Forms lefeiablc to the species are also found on a 
somewhat higher honzon near the old Agncultural Show-grounds 
at Gisborne, and elsewlieie, and on a slightly lower horizon 
(associated with D ( Glyptograptns) austrodcnlatus) at Guild- 
foul, the Biisbane Ranges, and Lancefield These lower forms 
may latei be separated as varieties 

( ? ) Glossograptus crudus, sp nov 
(Fig 1, no 13, Fig 2, nos 15-17) 

Description-—Rhabdosome small, larely more than 10 mm 
long, commencing with a width of 2-3 mm, or even sometimes 
5 mm, the initial width being usually maintained though some 
specimens nairow distally Vugula conspicuous and often 
projecting beyond the distal end of the rhabdosome, which m 
juvenile iorms is emaigmate Thecae 10-12 m 10 mm, inclined 
m the distal pait at an angle ol about 45°, though this angle may 
be eithei eonsideiably greatci or smallei, about twice as long as 
wide and with consideiable oveilap Apeituial maigms of these 
thecae stiaight oi slightly concave and directed upwards, or 
upwards and outwaids Thecae ending in a stout mucro or 
denticle duectcd outwards or slightly downwaids 

Remarks—This previously undescribed graptolite has been 
known foi many yeais from middle Damwilian (D4—D3) beds, 
and is responsible foi the refeiencc to Glossograptus in these 
beds Stiictly speaking, it is not possible to include it m that 
genus as there is no evidence of septal spines even m forms so 
pieserved that, if present, they could hardly escape observation, 
and the thecae seem to be furnished with a strong mucro instead 
of the two apertural spines of Glossograptus —the apeitural walls 
of the thecae appealing 1o coalesce vcntrally and to be produced 
into this spinosc projection The species m its juvenile state has 
a considerable resemblance to Isograptus (zndc fig 1, No. 9), 
and it may form a connecting link between that genus and 
Glossograptus The species is of importance as being the earliest 
typically bisenal form to develop m the Dai riwilian, occurring m 
the same beds as Skiagraplus gnomomeus , but before 
Diplograptus has become established It shows at times a 
tendency to split along the median plane, and forms are found 
with more thecae on one side than the other, indicating either a 
complete median septum, or possibly that the form has originated 
by the concrescence of two didymograptid stipes growing back 
and at an angle of 360° This would not be surprising if the 
form is related to Isograptus 
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Horizon and Localities—Widely distubuted but larely common 
in the middle Damwilian beds along the Barker’s Cteck-Maldon 
pipe line (Castleniame) and elsewhere in the same district, also 
m beds on the same honzon at Lancefield 

(?) GlOSSOGRAPIUS CRUDUS, Veil (il SHORN IiNsis, vai 110V 
(Fig 2, nos 13, 14 ) 

A form of (?) Glossocjraptus crudus is found lathci common!) 
at some outcrops, eg, along the Gisborne Geek, which is much 
narrower than the typical foim This may be separated as vai 
gisbornensis Its horizon is the same as that of the forma typua 
The figured specimens are fiom the Gisborne Geek between the 
Bullengarook slate quariy and the Gisborne gold nunc 

Genus Cryptograptus Lapwoith 
Cr\P rOGRAPl us sciiaferi (Lapwoith) 

(Fig 3, nos 11, 12 ) 

1880 Cryptograptus tricorms var schafert Lapwoith Ann Mag, 
Nat Hist (5) v, pi v, figs 28a-b 

1908 Cryptograptus tricorms var schafcn Lapw Elies and 
Wood Mon Brit Graps, part vn p 299, pi xxxn , 
figs 13 a-c 

1931 Ciyptograptus tncomis var schafcn Lapw Bulman, A) kiv 
f Zoologi , xxu A (3), p 65, pi 6, figs 1-5, pi 7, fig 3, 
text-fig 31 

1933 Cryptograptus schafcn (Lapworth). Bulman, Quart Journ, 
Geol Soc, lxxxix, p 352 

Description—Rhabdosome about 10 mm long, pai all cl-sided 
as a rule, and with a breadth, inclusive of denticles, of about 
2 mm , usually with a long virgula sometimes inflated Thecae 
12-10 m 10 mm , with well-marked denticles The proximal end 
bears a stout sicular spme, and the proximal thecae have short 
but well-marked coarse spines The characteristic long spmes 
of C tricorms are absent As far as can be made out, the 
proximal thecae grow downwards 

Remarks—LapwortlTs variety schafcn of C trienrnis has 
recently been raised to specific rank by Bulman (2, p 352), and 
is so regarded here Most, if not all, of the upper Damwilian 
forms referred to Cryptograptus tru onus seem to fall under this 
heading, including some lecorded by ITariis(lO) Now that the 
distinction is made futuie work may show the zonal importance, 
if any, of the two species 

Horizon and Localities —Not uncommon m the upper 
Damwilian of Bendigo East, most abundant, but sporadic, m the 
zone of Didymograptus nodosus , as at loc 164, hut widely 
distributed and perhaps ranging as low as the upper part of the 
D2 (D austrodentatus ) zone 
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Genus Lasiograptus Lapworth 
Sub-genus Hallograptus Canutheis MS 
LasioliRapius (Hallograptus) proteus, sp nov 
(Fu> 1, nos Hd-1), Fig 2, nos 30-33 ) 

Description -—Rhabdosome up to 3 cm m length and 2 inm 
wide, exclusive of spines and external meshwoik, with the 
mesh wo lk about 3 mm Rapidly widening to almost its maximum 
width m the hist two oi three nun and then widening much more 
gradually to about its centre, after which m mature specimens 
thcic is a slight and very giadual nan owing distally Thecae 
about 11 m 10 mm, lesembhng those of Glossogiaptus hinckm 
( FJopkmson) at first, but later becoming quite distinctive The 
spines of pioximal thecae are lecurved, but those of later thecae 
become normal to the axis of the lhabdosome, and at last directed 
distinctly upwatds, these distal spines being much moie massive 
than the caihei ones Network delicate and sometimes only 
shown on the pioximal poition of the rhabdosome, consisting, as 
usually seen, of an extia-maigmal thread independent of the 
spines and looped to the lhabdosome by supports which alternate 
with the apertuial spines This apparent independence of 
apeituial spines and mcshwoik does not seem to be absolute, and 
is less well shown on the distal poitions of lhabdosomes where 
the mcshwoik seems sometimes to he supported by outgrowths 
from the uppei side of the spines themselves 

Remaiks—This species is easily distinguished from a 
characteristic Lasiograptus cthcndgci Harris by— 

fa) its moie parallel-sided and narrower lhabdosome 
(b) the greatei development of spines, giving it a more 
Glossograptus aspect, 

(r) the more regularly developed external meshwork 

A long spmc often pi ejects ftom the proximal end, but its 
oi igm and nature cannot well lie made out 

Ilon/ons and Localities—Common at many Upper Daniwihan 
localities at Bendigo East (zone of Didymograptus nodosus) It 
is probable that MS iccokIs of giaptohtes from this distncf 
include L protcus undet L cthcndgci This latter species seems 
quite distinct and seemingly oeeuts on a slightly lower horizon 
The two species may occur together, but as a mle they do not, 
theie being no lecoid of L. protcus from Allot 95, Woodend, 
loc B29, Sect 20, Newham, nor from loc A196, Stiathfieldsaye, 
at all of which localities Lasiograptus cthcndgci occurs, while 
Lastograptus cthcndgci does not seem to be known from such 
outcrops as loc 164, Stiathfieldsaye The best specimens of L 
protcus yet discovered came from this last-named locality and 
from spoil-heaps between the Eaglehawk and Bendigo Creeks in 
Sect. XXIX . Huntly. 



306 


W J Harris and D E Thomas 


Lasiograp rus (Tiiysanograptus) etheridget Hams 
(Fig 2, nos 28, 29 ) 

1874 Diplogiaptus inneronatui Ethenclge Ann Maa Nat Hist 
(4), iv, p 5, pi in, figs 10, 17 

1924 Lasiogiaptus ( Thysanograptus ) ethendgei Hams Pioc 
Roy Sol J it (ns), xxxvi (2), pp 98, 99, pi vu, 
figs 3-7 

Remarks—Two figuies of Lastograptus (Thymnoyraptus') 
ethendgei Harris are given for comparison with Lasiograptm 
(Halio grapt us) proteus, sp nov The most obvious cliifeiences 
between the two species are that L ethendgei widens moie 
gradually than L. proteus and has a much moie fully developed 
meshwork The glossograptid thecae of L proteus are also much 
more clearly seen than the thecae of L ethendgei , and the 
alternation of meshwoik and apertural spines is also more maiked 
in L, proteus Forms, however, occur which can be separated 
only with difficulty, and it may be that L, ethendgei, by 
modification of thecae and simplification, passes into L proteus 
and possibly into Gloswgraptus hmcksn (Hopkmson) 

Horizon and Localities —One of the commonest graptolites at 
many outcrops m the upper Darriwilian beds of Bendigo East, 
as for example at Iocs. 163, 168, 169, 170, 172, 176, 298, etc , and 
m Sect XII j Epsom It appears on the honzon of D 
( Glyptograptus) austrodentatus (zone D2), apparently m the 
higher part of this zone, is veiy common m some occuirences of 
the next higher zone (that of fi (G ) inter situs), and is 
commonest m what are piobably the lower beds of the zone still 
higher (that of Didymograptus nodosus ), then giving place m 
still higher beds to Lastograptus proteus , with which, however, 
it may occur sparingly as at loc 298 Outside the Bendigo distuct 
it occurs near Allot 95, Woodend, and at Cobaw, as well as othei 
less well-known outcrops 

Family ISOGRAPTIDAE Hams, 

Genus Cardiograptus Harris and Keble. 
Cardiograftus crawfqrdi Hams 
(Fig 2, no. 26) 

1926 W J Harris Proc . Roy Soc Vic, (ns), xxxvui, p. 57, 
pl n, figs 5-7. 

Ill the original description of C. crawfordt (Hams, 1926, p, 
57) it was stated that C crawfordt could be distinguished from 
C morsus H. and K by smaller size and less piunounced 
emargmation Since then forms have been discovered which aie 
undoubtedly C crawfordt, but which also show distinct distal 
emargmation One of these is figured The locality is north-west 
of Strathfieldsaye township (loc 196) and the horizon is the 
lower part of the D1 (zone of D ( Glyptograptus ) inter- 
situs) Similar emargmate foims are also found on the higher 
horizon (zone of Didymograptus nodosus) of Sect XXIX 
Huntly 
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List of Localities, 

Localities mentioned by mimbeis or letteis in this aiticle ate as 
follows — 

A 164 Emu Cieelc Watei Race, No 2, at the S E, comer of allot 19, 
sect HI, Paiish of Strathheldsaye 

A 169a On E and W load near SE corner of allot 25, sect III, 
Paiish of Strathheldsaye 

A 170 On E and W road near S E comer of allot 27, sect III, Parish 
of Strathheldsaye (Outcrop haidly exposed) 

A 173 On Emu Cieek No 2 Watei Race, near NE corner of allot 1a 
of sect V, Parish of Strathheldsaye 
A 176 On Stialhheldsaye-Sedgwick road, about 11 chains NW of 
S W. corner of allot 1b, sect V, Parish of Strathheldsaye 
(In small gutter on S W side of road) 

A 196 Near the most noitheily coiner of allot 3, sect XIX, Parish of 
Strathheldsaye (An extensive surfaced area) 

A 198 On S side of E and W road, N of allot 8 , sect VI, Parish 
of Sti athheldsayc (On slope above the light bank of Axe 
Creek ) 

A 210 In bed of small watercourse on S side of Bendigo-Heathcote 
load, about 170 yards W of 97-miles 36-cliam crossing on 
Bendigo-Heathcote railway, Paiish of Strathheldsaye 

A 298 In bed of watei course m allot 2, sect V, Parish of Sedgwick 
A 310 In bed of eastern tributary of watercouise in allot 2 , sect XI. 
Paiish of Sedgwick 

CPI 6 , Chinamen’s Creek, neai Muckleford railway station (Note 6 , 
Q S. 15 N.W ) 

S.F. Sewerage Faim, allot 8 , sect XXIX, Parish of Iluntly 
GC Near NE cornet of allot 58, Parish of Bullengarook (cliff on 
south bank of Gisborne Creek). 

Ba67 Near junction of Riddell and Gisborne Creeks (Q S. 6 SE). 

Notu—“A” numbers are fiom the plans of J J. Caldwell, Geol Survey 
of Viet Other numbers refer to specimens m the Geological Survey 
Museum 
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Figure 1 

All Figures are X3$ except where otherwise stated 

No 1 Pterograptus meatus, sp nov (a) proximal portion (30795), 
(b) proximal portion of stipe (30795) Loc 

No 2 Tmchograptus wvmotus, sp nov (a) proximal portion (37434), 
( b ) proximal portion (37442), ( c) distal portion (37434) 
Loc S F 

No 3 Didymograptus dishnctus , sp nov (37431) Fryerstown watei- 
lace, south of Elphmstone railway tunnel 

No 4 Didymograptus cognatus, sp nov ( a ) proximal portion 

(37401 b) } (b) distal thecae (37401 a), ( c ) proximal portion 
(37418) X 10 Loc A 164. 

No 5 Didymogiaptus du\htatus , sp nov (a) proximal portion (37404), 

( b) distal thecae (37404), (c) proximal portion (37404) X 
10, (d) distal thecae (37404) X 10 Loc A 164 

No 6 Didymograptus compressus, sp nov (a) proximal poition 

(37405), Loc A 196, (b) distal fragment, (37405) Loc A196, 

(c) distal thecae, (37417, b ) X 10 Loc A 173 

No 7 Didymograptus nodosus Hams (37448 ) Loc A 164 

No 8 Didymograptus comprcssus mut (a) proximal poition, (37440), 

( b ) distal thecae (37440) Loc A 173 

No 9 Didymograptus cuspidatus Ruedemann, (37402) Loc A 164 

No 10 Diplograptus (Amplexograptus) modicellus, sp nov a, b, c, d, 
to show various growth stages (37394, 10c is 37444) (e) 
to show long virgula (37393), (/) Type (37392) Loc 

A 164 
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No 11 Drplograptus ( Glyptograptus ) mtersitus, sp nov (a, b, c) young 
forms X 4 (37377) Loc A 298 (d) distal X 4 (37428a), 

Loc A 196, (<?) proximal portion, (37428 /),—umntapait of 
37428 a) Loc A 196 


No 12 


No 13 


Lasiograptus Proteus, sp nov (a) proximal 
( b) distal poition (37421) Lou A 164 


poilitm (37422), 


(?) Glossograptus audit?, sp nov 
Loc A 164 


Young foim X 4 (37409) 


No 14 Diplograptus (Amplciographis) lonfertns Lapw (a) pinximal 
portion X 4 (37414), ( b ) distal poition X 4 (37414) Loc 
SF 

No 15 Diplogiapius (Ample-xograptus) differ tus, sp nov, X 4 
37385 a —counterpait of Type 37385) Loc SF 


Figurf 2 

Figures are natural size unless otherwise stated 

Nos 1-6 Ptu ogr aplus miertus, sp nov 1, 2 (30795) Loc A 170, 
3 Type (37433) Loc A 170 4 (37438) Loc A 210 
5 (opposite side of 4, on same slab) (37438) Loc A 210 
0 (reverse of 30793) Loc A 170 

Nos 7-9 Tnchograptus immotus, sp nov 7 (37442) Loc SF 

8 Type (37434) Loc SF 9. Type (37400) Loc A 160 

No 10 Didymograptus distinctus , sp nov (37431) ( vide Fig 1, No 3) 

Nos 11, 12 Didymograptus cuspidatus , Rued, (37402, 37403) Loc 
A 164 


Nos 13, 14- Didymograptus cognatus, sp nov, type, (37401, 37425) 
Loc A 164 

Nos 15-17 (?) Glossograptus crudus , sp nov (37406, 37408, 37415) 

Loc CH 6 


Nos 18, 19 (?) Glossogiaptus crudus, var. ijisbouicrisis, vai nov 

(37407, 37407a), Loc Gisborne Creek (GC) 

Nos 20, 21 Didymograptus oompr essus, sp nov 20 Type, (37405) Loc 
A 196 21 Coirugated dorsal raaigin indicating approxi¬ 

mation to nodose lorm D nodosus (37417) Lne A 173 

Nos 22-25 Didymograptus dubiiatus, sp nov, Loc A 164 22 Tvne 

(37404), 2 o (37416) 24 Proximal poition of young fonn 

on same slab as 23 (X 2i), 25 Type, distal poition of stipe 
of type specimen (37404) 

No, 26 Cardiograptus crazvfordi Harris, shows emarginate lhabrlosome 
not a specific character of this form (37410) Loc A 196 

No 27, Didymograptus nodosus Harris, shows spines at aperlmes and 
dorsal nodes of thecae (37445) Loc SF, 


Nos 28, 29 Lasiograptus ethendgei Harns (37435, 37436) Loc A 176 
Nos 30-33 Lasiograptus protcus, sp nov 30 Type (37432) Loc SF 
a 1 ^Y lth oo lo ?r g 0 loxlmal s P lne<5 virgula (37421) Loc 
A f ? r ™ showm 8 well prescivcd mesh- 

^ 33 Typical young rhabdosome 

(0/424) Loc A 164 
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Figure 3 


Figures aie natural size unless otherwise stated 

Nos 1-5 Diploqraptus ( Glyptogiaptus) austtodculatus (Hams and 
keble) 1 Small foim fiom D2 hon/on (low), (37372), 
Loc A 198 2 Typical rhabdosome (37373) Loc A 310 

3 Typical rhabdosome (37374) Lot A 310 4 Typical 

rhabdosome (37375 ) Loc A 310 5 Typical rhabdosome 

(37376) Loc A 310 


Nos 6-10 Diplogyaptu ? ( Glyptogiaptus) into situs, sp nov, 6, Type b, 
(37428) Loc A 196 7 Distal counterpait of type (37428) 

Loc A 196 8 Maiked 8 on slab, (37427) Loc A 196 

9 Marked 9 on slab, (37427) Loc A 196 10 Smaller 

rhabdosome, (37377) Loc A 298 

Nos 11, 12 Ciyptogi aphis schafen Lapworth 11 A typical group 
(37384) Loc S F 12 (37439) Loc A 164 

Nos 13-16 Glossogi aptus acanthus E and W (37412, 37430, 37413, 
37411) Loc A 196 

Nos 17-20 Diplogr aptus (Amplexogi aptus) modiccllus, sp nov, 17 
Type (37392) 18 (37393) 19 Shows virgula and vngella 

(on same slab as 18) 20 (37395) Loc A 164 

Nos 21-26 Diplogt aptus (Amplc.xogiaptus) confcrtus Lapwmth 21 

Reverse aspect of long thabdosome, (37388) Loc SF 22 
Obveise aspect of shot ter lhabdosome (37384) Loc S F 23 
Reverse aspect (37443) Loc SF 24 Obverse aspect and 
shorter rhabdosome (37391) Loc SF 25 Obverse aspect 
and shorter rhabdosome (37390) Loc S F 26 (37429) 
Loc S F 


Nos 27-31 Diplograptus (Amplexogiaptus) dijjatus, sp nov. 27. 

Obverse aspect, (37384) Loc S F, 28 Type, obverse 
aspect, (37385) Loc S F 29 Obverse aspect, 
(37386) Loc SF 30 Distal poition showing characteristic 
Amplexograptid thecae, (37387) Loc S F 31 Inter¬ 
mediate aspect, (37384) Loc S F 

Nos 32-38 Diplograptus (f Mcsogt aptus) deematus, sp nov 32 (37446) 
Loc TQM 33 (37381) Loc B.29 34 (37379) Loc 
A 176 35 Type (37378), Limomte pseudomorpli in relief 

Loc^ B/HR 35a Medial portion of Type X 21 35b Cioss 

section of distal portion of Type X 2* 35c Lateral view 

of distal thecae of Type X 21 36 (37380) Loc S F 37 

(37382) Loc SF 38 (37384) Loc SF 

Nos 39-41 Diplograptus (Glyptogi aphis) entity phus Lapwmth 39 
(37396) Loc, T Q M 40. (37397)' ~Loc Ba67 41 (37398) 
Loc TQM v / 
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Art XVII— The Guiptohtc Succession of Bendigo East , with 
suggested Zoning 

By WM J HARRIS, D,Sc 

[Read 11th Octobei, 1934, issued scpaiateh, 8th May, 1935 | 

Table of Contents and Summary, 

I Introduction 

II Acknowledgments 

III Scope of ihe Survey 

The area discussed includes the parishes of Wellsford, Stiath- 
fieldsaye, and Sedgwick, with adjacent poitions of other paushes 
Attention is concentrated on the Damwihan 

IV Pity siograpiiy 

The physiogiaphy of the aica—a legion of mature topogiaphy—is 
outlined 

V General Geology 

The bed-rock of the district consists of Lower Ordovician sand¬ 
stones and shales, striking west of north and closely folded. The 
Whitelaw Fault divides the aiea into two parts, older beds being on 
the west 

VI Distribution or the Graptolite Series 

The general distribution of Lanceheldian, Bcndigonian, Caslle- 
niainian, and Darriwilian series is described 

VII Zoning of the Darriwilian Series 

An outline is given of the zoning of the Darriwilian as high as 
the D2 zone 

VIII Incoming of the Diplograptidae 

It is contended that the incoming of the Diplograptidae m force 
in the D2 zone marks a veiy important stage in the graptolite 
succession, a*nd the lelationship of D2 beds to the lower zones is 
discussed 

IX Typical Sfctions 

Five sections acioss the distnct from west to east aie desenbed 
It is shown that aftei Inc Whitelaw Fault is crossed there is a 
normally descending senes of beds, and that above the D2 hon/on 
two zones may be distinguished with possible passage beds, (a) 
a zone characterized b> Dxploqiaphis (Glyptogi aplus) mlemtus 
H, and T, and JJidymoqiaptus Lompressus H and T, and ( b) 
a higher zone charactenzed by Diplograptu r ( ? Maoqraplus) 
dccoratus H and T, and Didymngraptus nodoms Hanis, and that 
these zones can be recognized right through the aiea 

X The Upper Darriwilian Succession, 

It is maintained that field and biological evidence fixes the position 
of the zones already mentioned, and that elsewhere m Victoua a 
higher zone of the Lower Ordovician can be recognized, while the 
basal graptolite bed of the Upper Ordovician (as at Ba 67) should 
also he included m a Diploqtaptus senes 

XI Zoning of the Darriwilian and Castlemainian in Victoria 

The grouping of zones from D 2 to basal Uppei Ordovician 
inclusive, as a Diplograptus series, leads to an attempt to treat lower 
beds in the same way It is shown that the present breaks between 
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the topical senes aie largely aitificial and it is suggested that the 
zones below the Diplograpius senes, le, fiom D3 downwards to C4 
(inclusive) may be legarded as an Isogiaptus senes Below this 
senes aic passage beds maikcd out onlj by the occurrence of Didy- 
moqiaptus pi oto-lnjidu s Elies, while below those again the Bencli- 
goman zones foim a 7 eh eng aptu\ jntticosus senes The proposed 
ilassificdUon is then summarized 

XII l ORREI ATION 

The Diploqniptus senes of Viclona is couclatcd with the 
Llanvunidii The con elation of beds immediately below these will 
piobably be facilitated by a study of the Victonan extensifoim 
Didvinograpti 

XIII Noils on the Map 

XIV Index ro Grainolite Locaiitifs 
XV References 


I. Introduction. 

Attention was dnccted to the Bendigo East aiea by the dis- 
covety some ycais ago of high Dariiwihan graptolite beds hitherto 
unknown fiom that pait of Victona The existence of a definite 
and shaip boundary between these high beds and the lower beds 
of the Bendigo Gold-field has been clemonstrated(l), and field 
woik has been continued to asceitain whether any light could be 
tin own on the succession of Daimvilun giaptohtcs above the 
zone of Diploqraptus (Glyptograptus) austrodentatns (zone D2) 
The piesent papei is an account of this woik 


II. Acknowledgments. 

The field woik in the northern half of the area, as fai south 
as Stiathfieldsaye, wa: carried out by the writer In Stiathfield- 
saye his woik and that of T J Caldwell of the Geological Survey 
of Victoria overlapped In Sedgwick and the parishes east and 
west of it the present woik is based on Caldwell's survey 
Tluoiigh the kindness of the Director of the Geological Survey 
(Mr W Baiagwanath) the wntei was able to study most of Cald¬ 
well's gwiplohte collections, and though these were rarely com¬ 
plete enough for detailed work they indicated the critical localities 
which weie then visited and studied in detail Except for the 
beds west of the Whitelaw fault in Sedgwick, for which R A 
Keble’s identifications have been accepted, piactically all im¬ 
portant pails of the district have been visited often with Mr 
D E Thomas of the Geological Suivey or with Mr. P Tilson 
(Echuca). Great assistance has been given by the officeis of 
the Mines Department, both m Melbourne and at the Bendigo 
Mines Office—the latter at first under the late H S Whitelaw 
and then under Mr W Kingston—while the details given above 
will show the writer's indebtedness to Mr J J Caldwell For 
the ic-di awing of the map thanks are due to Mr W Bennett 
of the Diaughtmg Branch of the Mines Depaitment 
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III. Scop© of the Survey. 

1 he area discussed is loughly a rectangle meastuing about 22 
miles hom north to south and 8 miles from east to west ^ It 
includes the parishes of Wellsfoid, Stiathficldsaye, and Sedg¬ 
wick, portions of the two noithern panshes, Huntly and Bag shot, 
and the edges only of the western and eastern paitslies, Sand¬ 
hurst, Mandmang, Axedale, and Eppalock All paits of the 
180 squaie miles have not been treated m equal del ail, attention 
being concentrated on the Damwilian beds 

IV. Physiography. 

The whole of the aiea shows matine topogiaphy There arc 
no permanent streams except the Axe and Bendigo Cheeks The 
northern pait is within the basin of Bendigo Cieek, but m the 
centre and south the drainage of Sedgwick, Strathfieklsaye, and 
the southern part of Wellsford finds its way to the Campaspe 
River through Axe Cieek and its tnbutaiies The general slope 
is to the north-east, the divide between the two drainage systems 
mentioned being almost unrecognizable m the field Heights 
above sea level decrease from about 1,200 feet on the northern 
slopes of the Mount Alexander granodionte massif to less than 
500 feet m the north The gentle slopes and cieek flats provide 
rather poor grazing and agncultural land, and much of the 
poorer land, especially on the low ridges, is included m foiesl 
reserves, settlement being restucted mainly to narrow stups 
along the wateicourses In Wellsfoid there ate few exposures 
of bed-rock, though numerous fragments of ironstone (hmonite) 
litter the suiface There are no roads olhei than innumerable 
dray-tracks, and practically no mining excavations In such 
an area seaich for graptolites is disheartening woik, but for¬ 
tunately the few fossiliferous outcrops discoveied wcie so spaced 
as to give some idea of the general stiucture though details 
are not ascertainable 

In Strathfieldsaye and Sedgwick occasional shallow road 
cuttings, small watercourses, the Emu Creek No 2 walei-iace, 
and the Bendigo-Heathcote railway provide most of the fossih- 
ferous outcrops 

* V. General Geology.' 

The bed-rock of the district consists of Lowei Ordovician 
sandstones and shales and may be divided into two unequal parts 
(Fig 3)—Lancefieldian, Benchgoman, and Castlcmaiman west of 
the Whitelaw Fault, and younger rocks, mostly Damwilian, east 
of the Fault, though these descend m noimal succession to the 
east and, paitly outside the mapped area, Lancefieldian is also 
reached m the east An important featuie of the beds east of 
the Fault is the extensive development of beds above the middle 
Damwilian (D2 and higher) This featuie gives the district 
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its special inteiest The genetal sluice of the Otdovician rocks is 
m most places 20° or mote west of noith, but local strikes of 
north-west or even almost east and west may be noted The 
limited natiue of fossiliferous lock exposuies, togethei with 
close folding and pionounced cleavage, makes the woiking out 
of detailed stiuctuie impiacticable at piesent 

VL Distribution of the Graptolite Series, 

(A) LANCEFIELDIAN 

Caldwell’s suivey dcmonstiated that the belt of Lancefieldian- 
Bendigonian which abuts on the Whitelaw Fault east and noith 
of Bendigo can be tiaccd right to the granite in the south of 
Sedgwick It is uncertain whethei the beds along the Fault m 
the southern pait of the district are Lancefieldian 01 Bendigonian 
No fossils weie found sufficiently near the fault-line to settle the 
question Caldwell shows the Lancefieldian as a nanow ship 
light along the fault-lme My own opinion is that the Lance- 
fieldiau beds nairow to the south and do not extend much further 
south than the southern boundaiy of Stiathfieldsaye In Sedg¬ 
wick, if this is so, the Fault scpaiatcs Daniwihan and Bendi- 
gonnm This opinion is partly based on the discoveiy of a slab 
showing Tehaqiaptus jmticouts along the Emu Geek watei-nice 
east of the south-west coiner of Stiathheldsaye Apart fiom 
this c[ties!ion of its lelationship to the Whitelaw Fault, the 
western Lancefieldian belt does not appeal to possess any 
fentities of special interest 

Caldwell also proved the existence of a wide belt of Lance- 
fieldian to the east of the mapped area This extends far east 
of Axedale Only its noith-westem extension m the north of 
the pansh of Axedale falls within the map. The lelationship 
of tins noith-eastein aiea to the youngei beds cannot be regaided 
as satisfactory settled Lancefieldian giaptolites have been 
found at four lathei widely sepaiated outciops In the north¬ 
east of Wells hud, the Yankee Geek Gold-field occupies a narrow 
belt with the abnotmal stnke of N 55-60° W No fossils were 
obtained neai the old workings, but the spoil-heaps show that 
tinn coal-black bands occur among lighter-coloured sandstones 
and shales These caibonacenus paitmgs are badly cleaved and 
aie now so badly wcathcied that at a touch they fall to povder 
Their ocuuicncc is suggestive of Lancefieldian, but the evidence 
is inconclusive since simtlai thm bands yield Bendigonian grapto- 
lilcs at I hell’s Ficehold, west of Bagshot railway station These 
beds stiikc towauls more mendional lower Castlemaiman (C5) 
beds furl bet west Whether they ultimately aie shown to be 
Bendigonian or Lancefieldian, faulting has probably been 
responsible for then abnormal featuies Whitelaw(2) noted a 
fault which shifted the strata near the shafts 200 feet to the 
east, and much more extensive faulting is piobable but unproved 
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(n) bendtgonian 

In the west of the mapped aiea the Lancefieldian beds aic 
succeeded by the Bendigoman senes 111 liuinial ascending oidei 
This ma\ be accounted fen by presuming a southeily pitch m this 
part of the aiea, m accoidance with the geneial observations of 
pitch m the southern poition ol the Bendigo Gold-held In the 
noith-east the Lanccheldian is also bouleied by a nanow belt of 
Bendigoman Its naiiowness may be the lesult of faulting as 
has been suggested above 

Bendigoman beds aie more widespiead m the ninth,^ definite 
Bendigoman graptolites having been found at Biett's Freehold, 
and also some distance east of Bagshot railway station Whether 
these two outciops aie pait of a continuous aiea is unccitain 

In Axedale and Eppalock the Castlemaiman beds which succeed 
the Darinvilian on the east aie m turn succeeded by Bendigoman, 

(c) CASTLE MAIN JAN 

In the south of Mandmaug and the south-west of Sedgwick 
the Bendigoman beds give place to lower Castlemaiman 11ns is 
the nonnal succession, which is also found m the west of Axedale 
and Eppalock 

In the north of the district a rathei extensive aiea of upper 
Castlemaiman occurs m the east of Huntly and the south ol Bag- 
shot, giaptolites of this horizon being lather common m material 
from the spoil-heaps of shafts along the couise of the Huntly 
Deep Lead Most of the localities yield upper Castlemaiman 
graptolites, but at least two show middle Castlemaiman foims 
These beds come m their normal place between Bendigoman and 
Dainwihan One interesting feature was a bed at Huntly, 
which m both lithology and graptolite content was practically 
indistinguishable from the type C2 locality at Victoria Gully, 
Castlemame 

A continuation of the Castlemaiman belt urns thiough the cast 
of Wellsford DidymograpUts proto-bifidus was obtained fiom 
small fragments of shale at two places along Yankee C reek, and 
Isograptus caduceus var victonac still furthei south West oi 
this last outciop the ptesence of Isograptus caducous var maxima- 
diverejens, almost m the centre of the parish of Wellsford, indi¬ 
cated either a high Castlemaiman or a low Daniwihan honzon 
This is the Castlemaiman belt which has already been mentioned 
as striking across the continuation of the Axedale-Yaukec Creek 
Lancefieldian 

(d) darriwilian 

The Darnwilian beds, both from their extent and fiom their 
special features, are the most interesting m the district The 
whole of the central portion of the map from north to south 
is included m this belt The Wlutelaw Fault crosses the southern 
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bounddiy of the pansli of Hunth and inns cast of south to the 
Mount \lex«mdcu massif m the south of Sedgwick Dairiwilian 
beds hoi dei it on the east foi the whole distance They aie 
succeeded on the cast by a continuous bell of Castlemamian 
These Daiiwihan beds will be discussed m a bit cm section of tins 
papei 


VII. Zoning of the Darrxwihan Series. 

Since the Dairiwilian zones weie outlined m 1916(3) the 
succession of beds as high as the D2 zone (Diplograptus emstro- 
deniatus) has been tested m many pails of Victona With minoi 
diffeienccs, piobably due to passage-beds and locally abnormal 
langes, the senes has been described fiom lngliston by Ripper (4) 
and fiom Dancefield by D E Thomas (personal communica¬ 
tion ) 

The base of the Damwilian is maiked by the incoming m 
fotce of Oncograptus upsilon T S Hall, and the fiist appeaiance 
of Tnqonoqraptus and Dtdymoqmptus v-dcflexus H and K 
Tn beds which are stiatigi aplucally closely connected with the 
uppei t astlemamtan the typical foim of Oncograptus upsilon is 
common Oncoqy a plus upsilon var bianqnlata seems to come 
m laiei, but passage-beds between D5 and D4 may be expected 
m any locality whcie the succession is shown m great detail 
LcUet Cardioqutpius mors its H and K appears A typical 
assemblage from a D5 outcrop might include — 

Isogiaptus caduceus, vai maximo-diveigens, Hams var 
„ „ var diveigens, Hariis var 

„ mamibnatm (T S Ii ) 

„ hastatus tiaius 

„ forcipiformis (Rued ) 

„ (lumosus Hat ris 

Skiagiapttts gnonotnicus (H and K) 

Oncograptus upsilon T S H 

,, „ vat biangulala, H and K vat 

Didymogiaptus v-dcflexus H and K 
„ ttinfoimis E and W 

Maeandmgi aptus tan Hams 
? Ciyptogi aptus sp 
Trigonogiriptus eusifmmis J Hall 
Phyllogi aptus sp 

Dichogt aptus octobrachutus J Hall 
Gomogiaptus speaosus TSH 
Tetragraplus quadnbrachiatus J Hall 

„ sara Biong (normal and also abnormally large 

variety) 

„ head! J Hall 

This list is incomplete as there are many undescribed species 
The common basis of the lower Dairiwilian zones (D5, D4, D3) 
is shown by a companson of this list with an assemblage fiom 
citbei of the two higher zones(4) Advance is shown by the 
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incoming of Cardwgi apt us morsus m D4 and its usual suivival 
beyond Oncocjraptus into D3, but the three beds form a stage 
m which the only important distinction is the degree of develop¬ 
ment of the lsogiaptidae as represented by Omoqraplu s and 
Cardiograptus Even this distinction cannot cilwitys be made, 
though sometimes the dividing line is suipiistngly sluip Noting 
this we aie forced to the conclusion, conobomted by the evidence 
of the lsogiaptidae themselves, that these zones lcpiesent a 
shorter tune- or developmental-mteival than is the aveiage for 
other zones The lsogiaptidae, as it weic, shot ahead of their 
contempoiaiy species The Ausiiahan graptohie succession is 
more elaborate than othei Lowei Ordovician successions and its 
details are emphasized, especially when compared with a highly 
condensed succession such as that of the classic Point Levis 
section Another point to be emphasized heie is that the general 
charactei of an assemblage must be taken into account, and not 
the mere occunence of a single “ zonal ” graptolite Qm ograpiu r 
and Cardiograptus are found larely but definitely m assemblages 
which undoubtedly represent higher zones than D4 01 1)3 In the 
same way occasional specimens of Diplograptiu s may turn up— 
and may be expected to occm—on honzons lowei than those 
characterized by this genus 


VIII. Incoming of the Diplograptidae. 

With the zone above D3 a distinct stage is reached leading to 
the Upper Oidovician—the incoming in foice of the Diplograp- 
tidae Three of the important tiends of evolution followed by 
the graptolites are ( 1 ) stipe reduction, ( 11 ) giowth-dnection 
change, and (in) thecal elaboration Dtplogiaptus maiks an im¬ 
portant stage in each of these, and the suddenness of its develop¬ 
ment m Victoria is specially notewoithy, though piobably nioie 
detailed work will tend to show that its entiy is not as diamatic 
as it now appears to be It is doubtful if many of the recoids 
of Dtplograptus below the D2 zone are leliable The foims on 
which the recoids are based aie probably leferable to other 
genera, or at any rate are not typical Diplograpti, though they 
may be forerunners Such foims appeal in C2, but are laic, 
and are even rarer m Cl. Since Diplograptu s is so common m 
D2, representatives may be expected m zones D5-D3, and though 
they have not yet been lecognized, the Bendigo East suivcy leads 
one to believe that they occur In the D2 zone we have a sudden 
outburst of the genus Not only is Diplograptm an strode Hiatus 
the commonest graptolite of the zone, but it often outnumbeis 
all other species so as to give a distinct character to the horizon 
Many D4 and D3 species persist and some higher forms enter, 
but all are subordinate to Diplograptus austrodentatus , which is 
as typical of the zone as I caducous var znctonac is of zone C2 
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The following actual assemblage is given as typical of the 
honzon — 

Diplogidptus (Cilyptogiciptus ) ausliodeuUtus H and K (v c ) 
Isogidptus Cciduteus vai diveiguis, J1 <11 1 is vai (v c ) 

„ ioiupifoinus (Rued ) 

„ luislatus Hams 

„ dtimosus Hams 

Cardiogmplus moisus ( 1 ) H and K 
Skuiguiptus gnomonicus (r) (H and Is) 

Didymogiaptus v-deflexus H and K 
Tctragiaptus sena Biong (c) 

Phyllogiaptm, sp (piobably V anna J Hall) (v c ) 
Tiigonogiaptus cnsifornns J Hall 
Dichngmptus sp 

Though the Ddiiiwilian succession as high as D2 is well estab¬ 
lished, few localities show a continuous section from D3 to D2 
Rippei(4) repents that at Ingliston the succession is normal, but 
cannot be continuously tiaced The zone is well lepresented 
m the Brisbane Ranges south of the aiea studied by Ripper, and 
observations made llicie by Thomas and the wntei make it ceitam 
that Diplogniptus austrodcntalus enters with Cardiograptus and 
even with Oncograplus and langes beyond these foims The 
original locality for the zone of D2 was the Guildford'Stiangways 
road west of Guildford (2), and here the succession from D3 to 
D2 is clear, Diplograplus austrodentatus and Cardiograptus 
morsus occumng at hist together and being succeeded by beds 
from which Cardiograptus morsus is absent (The D cf 
angustifohus mentioned was later described as D austroden- 
tatns) Thomas has since confirmed this obseivation as the 
ic, stilt of lus examination of the area noith of the Loddon River 
in the same distuct The noimal succession also is found along 
the Gisborne Check neai the Gisborne gold-mine at Bullengaiook, 
where D2 beds occui west of D3 beds m a succession which, 
traced from the east, is ascending lioimally to this horizon 
Details of folding heave not yet been worked out here D2 beds 
aie also extensively developed m the Btisbane Ranges and at 
Steiglitz, but no detailed woik has been done m either area apart 
from an unpublished smvey of Steiglitz by W H Ferguson, late 
of the Geological Suivey T S Hall identified many of Fer¬ 
guson's giaptolites(6), but in the light of later woik the detei- 
minations both published and unpublished stand m need of 
revision The wntei has also recognized Diplograptus austro- 

dentatus m a small collection from Sebastian (between Bendigo 
and Ray wood) shown him by W Kingston of the Bendigo Mines 
Office 
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IX. Typical Sections. 

(I) 11 UN TLY-B A.OSTIOT 

This section is taken across the noith of the mapped aica 
As stated above, the Wlnlclaw Fault ciosses the west of the 
parish, running diagonally tlnough Section \X1X Jn the 
south of this section the pansh plan shows a 4t Stone and Giavel 
Resetve ” This deuves its local name, Ironstone J Till, from the 
capping ot cemented gravel now partly 1 amoved by mining opeia- 
tions or for use as road-making mateiial, and is on the western 
side of the fault-line Immediately to the north-east the con¬ 
tinuation of these gravels lies below the surface and they have 
been mined by shallow shafts, the spoil-heaps of which yield 
abundant upper Darnwilian giaptohtes The difteience of level 
is intei estmg as it is piobably the result of post-Pliocene move¬ 
ment along the line ot the Whitelaw Fault Examples of later 
movement along fault-lines which are veiy old aie found else¬ 
where m this distnct and in othei parts of Victona(7) Fuither 
to the south-east the similar gravel outciops of the White Hills 
end rather abruptly at the fault-line and aie succeeded on the 
noith by buried gravels A seaich of old mining lecords shows 
that the difference of level was obseived nearly forty years ago, 
In 1898 James Stirling lepoited (8), Mi "Mining Suiveyoi 
O’Dwyei has stated that on the Hunlly Lead south of the White 
Hills the sinking is shallow—from 10-25 feet deep—hut noith it 
suddenly drops to 50 feet and at lower levels 70 feet ” A 
sinnlai abrupt change of level is lecorded west of Sebastian 
where, although the only recorded graptohtes are Dauiwilian 
fD5 and D2), there is quite possibly a fault comparable with the 
Whitelaw Fault Repeated movement along the lines of major 
faults is a widely lecogmzed phenomenon An interesting 
observation is that the floor of the Hunlly Deep Lead beyond 
Brett’s Freehold uses 27 feet m five miles instead of having the 
usual fall (9) 

^ Piactically every spoil-heap m the noithein pail of Section 
XXIX Hunlly (now used as a seweiage faim for the city of 
Bendigo) yields uppei Daimvihan graptohtes A good collec¬ 
tion, though in veiy soft, weathered shale, can be gatheied m 
Allot 8 Owing to the tioublesome cleavage at many localities 
and our total ignorance of the folding of the bed-iock, detailed 
zoning is difficult and has not been attempted The underlying 
rocks are probably closely folded, and beds as low as D2 may 
be present, though they have not been noticed 
East of the Bendigo Cieek the spoil-heaps give a fanly com¬ 
plete section Just outside the city area, between the Echuca- 
road and railway, upper Darnwilian giaptohtes aie common, and 
this belt may be tiaced as far as the north-east of Epsom 'The 
beds are characterized by the common occurrence of Ample.ro - 
graptus and Dtdymographts nodosus Hams, which are associated 
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with other characteiistic forms such as Lasiograptus protons 
J laii is and Thomas and Cauhoqraptus innvfonh Harris These 
beds occui west ol the Bendigo Potteiy at Epsom (within the 
belt dehned above), but a few chains north of the Pottery a 
somewhat chflcient facies is observed (Sect XII , Ascot ) hLeie 
seveial spoil-heaps show diffeient Diplogjapii, chiefly Diplogt ap¬ 
his min situs il and T , and a chflcient Didymoqrapiius , D com- 
presstts If and T The commonest Lasiog?aphis is also distinct 
-—Lasioijraptus clhendgei Hams This licit irmy be tiaced 
noith-westeily thiougli Sections [V and V, bluntly Still pro¬ 
ceeding east horn Epsom Diplograptus ausirodentatu v makes its 
appeal ance in Section VIII, Huntly, and on the Sandy Creek- 
load neai Allot 7 of Section I This has not been traced further 
noith, though it is vei> likely that an exhaustive seaich would 
show it In Section XX D3 beds occui, though only a few 
guiptohles were found, and then m Section XVIII, further 
noith-east there aie several occuriences of D4 and D5 beds The 
last of these aie pist east of the Echuca-road north-east of Huntly 
township, but similar beds uoss the lailway at Huntly RS 
East of the Echuca-ioad the spoil-heaps m Section XIX, 
(Juntly, and Section XII, Bagshot, give upper C astlemaiman 
graptohtes (Cl and C2) though theie is an isolated lecmd of 
D5 m Allot 4, Section XTT Cl beds outciop south of the 
railway on the Sandy Cteek-road, and slightly lowei beds are 
found not fai fiom them Along Yankee Creek, on the southerly 
continuation of the strike of these beds, the writer found Didymo- 
qraptus protobifidus Elies, and then near Bagshot railway station, 
Tctragraptu <r frnticosus J ITall, and other Bendigoman foims 
The immediate purpose of this papei does not need the extension 
of this section fuither east, 1 hough this is the locality where the 
next beds to the east are Lancefieklian, apparently staking right 
into the Castlcmaiman 

For the present it is sufficient to sum up that— 

(a) as low as the Castlcmaiman the succession is apparently 
noimally sinking to the east 

(b ) above the D2 beds is a bed characterized by Diplograptus 
inicrsilus and Did\moc/raptu ? compressits 
(t) above (l e , fuilhei west than this) is a bed chaiac- 
leuzcd by Diplograptus (?Mcsograptus) dccoiahis 
H and T (allied to D coclaius Lapwoith), Amplexo- 
graptus, and Didymograptus nodosus Hams 
This succession is seemingly in normal older, and attention 
is directed to it, since it seems to hold elsewhere in the district 
and will be used as a suggested zoning of these high Darnwihan 
beds. This section, although described first, was the last to be 
worked out in the field, when it was found that the boundaries 
provisionally fixed on the evidence of sections further south did 
not need adjustment 
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(II ) MCIVOR-ROAD 

South of the Iluntly-Bagshot section just clesciibecl is the 
unsatisfactoiy aiea of Wellsforcl The next line of section is 
along the Bendigo-FTeathcote lailway and the almost paiallcl load 
(Mclvoi-ioad) This gave a succession descending from uppet 
Daniwihan to Castlemamian and even lowei and seemed so 
promising that attention was devoted to it fust As m most 
sections, exposures aie not continuous, but the gradually descend¬ 
ing order genet ally as one went east fiom the Whitelaw Fault 
was soon evident Local intei 1 upturn and repetition of beds 
was to be expected, but; the section proved to be unexpectedly 
complete The two zones mentioned in the account of the more 
northern section as being above D2 were lecogmzable—in fact, 
it was along this section that they weie lust lecogmzed—as well 
as probable passage-beds Caldwell’s suivey enabled stmilai 
beds to be located further south, and fiom some of these, as well 
as from others already known to the wntei, fanly extensive 
collections were made 

Fiom the Whitelaw Fault to the ciossmg of load and lailway 
at 97 miles 36 chains, a distance of about miles, there aie 
numerous giaptohte beds, all above the zone D2 As stated, 
two distinct zones could be noted, though there aie nnnoi dif¬ 
ferences between beds even of the same geneial zone Some of 
these differences may later prove to be of stiatigiaphical value, 
or they may be due to the tendency of forms on this hotizon 
to be abundant in some nairow bands and almost absent from 
bands quite close by 

The hist locality fiom which a good collection was made is 
opposite the junction with the Mdvoi-road ot a load fiom the 
north-east, about 30 chains east of the Whitelaw Fault, Similar 
beds occur near the noilh-wesl corner of the palish of Strath- 
heldsaye (loc 209) h A good collection can, with some trouble, 
be made at eithei outcrop, but the horizon-—the zone of Didymo - 
(/raptus nodosits —is represented by bettei material south of 
Strathfieldsaye township Hoc 164) and elsewhere, and only its 
horizon need be noted The second assemblage-—-the zone of 
Diplograptus intemtus ■—occurs neater the ciossmg (Iocs 210, 
211) and m a fragmentaiy state at the ciossmg itself All these 
beds extend through to the railway line a little distance to the 
north The loc 210 assemblage is also bettei lcpresented further 
south (Iocs 196, 201, 298) Along this section then, as else¬ 
where, tw y o assemblages above the D2 zone may be noted 

Proceeding east from the crossing the next fossihfeious band 
was found near the 97 mile post—the zone of Diplograptus 
austrodentatus (D2)—and this is repeated further eastf Near 
the 96 m 8 ch crossing, a Diplograptus mtcrsitus band crosses 

* For convenience Caldwell’s field numbers are used hereafter for all localities 

which art maiked on his plans 
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the lailway IE the normal descending ordei had been main¬ 
tained, this bed should have been below the D2 zone, but theie 
is little doubt that it is lather on the same hotizon as loc 210 

East of the 96 in 8 ch ciossmg a typical D4 outcrop is found, 
but this need not be consideicd m detail Intel veiling beds may 
lie hidden, but it is piobable that the zones of D3 and D2 aie 
missing fiom this pait of the aiea Moie than a mile of 
tin favout able beds oi shallow cuttings separates this occurrence 
from the next to the east—beds of almost the same horizon m 
cuttings between Allots 1 and 2, Section XVII, Strathfieldsaye 
Caldwell’s survey shows that still furthei east Castlemamian beds 
occur, and then, nearei Axedale, Bendigonian and Lancefieldian, 

(ill ) STRATHFIELDSAYE 

The mam Country Roads Boaid road through Strathfieldsaye 
to Eppalock has Eew cuttings, but a section can be obtained 
loughly along it The Whitelaw Fault crosses the road almost 
on the western boundaiy of the paush of Sti athfieldsaye, with 
Lancefieldian beds (loc 230) west of it The beds neaiest to 
it, but east of it, aie not well shown, but Didymograptus nodosus 
has been recoided fiom them The next outciop (loc 196) 
yields abundant material which shows graplohtes clearly when 
“gieen,” but less distinctly when dry Diploqraptu s intensities 
and Didymograptus tompressits, the zonal fossils, are very 
common A^ few chains to the east, Didymograptus nodosus 
occuis, but the material is fragmentaly The variety of Didymo¬ 
graptus nodosus is less lobust than the typical zonal form and 
the bed is probably transitional 

North of the township of Strathfieldsaye a very shallow water- 
race yields a limited amount of shale with indistinct graptohtes 
Diplograptns intcrsitus occurs here also Badly cleaved grap- 
tolite shale (loc 244) is also found m Allot 41 about a mile 
east of the last outcrop mentioned Iso graft us caducous occurs 

m association with poorly-preserved Diplograpti , probably D 
amtrodentatus , marking the southern extension of the D2 zone 
noted on the railway to the north Still tarlhei east a gioup of 
outcrops on the Axe Creek (Iocs 159, 160) yield Oncograptus 
upsilon bmngidata , Cardiograptus morsus, and Didymograptus 
v-dcjlexits , and can be cmielated also with the similar beds 
on the railway Before the parish boundary is reached the 
horizon is Castlemamian (Iocs. 226, 2291, conclusive evidence 
being supplied by outcrops noith and south of the road 

(xv) EMU CREEK (Fig 1) 

This section is taken across the south of the parish of Strath- 
ficldsayc Bendigonian beds are shown m the south-west corner 
of the parish (Iocs 179, 180, 181) on the west side of the 
Whitelaw Fault Nearei the fault along the Emu Creek No 2 
T 4051 —8 
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water-race the wntei found a single specimen of Tctragraptus 
fruticosns, and it is doubtful whethei the Lance fieldian belt 
which lies along the west of the fault-lme faithei north extends 
as fai south as this It may pitch undeifoot bunging Bench- 
goman beds up against the Dainwilun Caldwell, howevei, 
shows a nariow stiip of Lancelieldian light along the line Once 
the fault-lme is crossed there is an almost continuous section oi 
upper Damwilian along the water-iace, which heie cuts obliquely 
across the stnke of the bed-ioek Probably the best outciop 
of the Didymograptus nod os us zone m the chstiict is on the 
water-race, but noith of this section (loc 164) Along the 
race most of the fossilifeious bands seem to belong to passage 
beds between the typical zones of Didymograptus nod os us and 
Diplograptus inter situs , but foi the present aic grouped with 
either one 01 the other A locality such as 176 on the Sedgwick- 
road provides a good example Here, Diplograptus decorat us 
is veiy common, associated with the less robust vanety of Didy¬ 
mograptus nodosus and Lasiograptus cihcndgci , the last-named 
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species being usually associated with the Diplograptus intersitus' 
zone m other paits of the district This outciop is included m 
the D nodosus zone Farther east, as at loc 173, Diplograptus 
’n ter sit us is found, but the vanety of Didymograptus comprcssus 
ssociated with it shows some affinities with Didymograptus 
nodosus It is remaikable that though the two mentioned'species 
of Didymogiaptus aie easily distinguished when typically deve¬ 
loped, specimens are often found which seem to he between 
them 

After the lace is left near the Emu Cieek State School, an 
outcrop of the Diplograptus dccoratus-Didymogiaphis nodosus' 
zone is found (loc 167) and then, after beds” on the Diplocp aptus 
intersitus horizon (loc 203), Diplograptus ausirodenlaiiis appears 
m the noith-east coiner of Allot' 26, Section III, Strathfield- 
saye, indicating that the D2 zone has been leached, though the 
presence of an occasional Diplogi aptus intersitus (loc 169) is an 
indication that these beds are well up m the D2 zone Similar, 
or slightly lower, beds are found on the other side of Axe Creek 
(loc 198), though Diplograptus intersitus is well i©presented m 
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beds a little to the west of this last locality (Iocs 170, 202, 203) 
A mile east of loc 198 the iecoid of Oncograptus (loc 205) 
shows that lowei Damwihan has been leached, and neai the 
eastern boundaty of the palish, upper and middle Castlemamian 
beds occur, Ll beds outcioppmg on the load between Sections 
VI1 and VIII about 150 yards west of the boundary and being 
sepaiated by less than 50 feet fiom C2 beds In the pansh of 
ILppalock the succession is continued thiough middle and lowei 
Castlemamian to Hendigoman and Lancefieldian 

(v ) SEDGWICK 

Sedgwick is the pansh south of Stiathficldsaye Little atten¬ 
tion was given to beds west of the Whitelaw Fault since Keble’s 
identifications fiom Caldwell’s collections showed that Bendi- 
goman beds near the fault weie succeeded regulaily on the 
west by lowei Castlemamian (C5) No Lancefieldian giapto- 
lites have been lecoided fiom the pansh, though Caldwell shows 
a narrow stnp of Lancefieldian light along the Whitelaw Fault 

In the eastern half of the palish the chief feature is the 
extensive development of the zone of Diplograptus austrodentatus 
(D2) and the zone of Diplograpius intcrsiiu s No duect section 
was obtained acioss the area east of the fault-lmc, but a com¬ 
posite section can be made which gives a good idea of the 
stiuctuie The first locality (loc 300), is neai the Sedgwick-road 
m the north of the pansh Mete the Diploqj aptus dccoratus - 
Didymograptus uodosus zone is well lepiesented Faither south 
loc 303 on Axe Creek yielded Diplograpti piobably of the same 
zone, and ceitamly lnghei than the zone of Diplogntpius inter¬ 
situs These outciops show that a nariow belt of the Didymo- 
qnipins nodosum zone extends along the fault line 

The next gtoup of localities lies south-east of loc 300 Here 
a nurnbei of outcrops (Iocs 298, 283, 284, 285) yield Diplo- 
grapius uiicrutus m piofusion, the associated Didymograptus , 
D compj essns, being less common but occasionally fanning 
tangled masses Hie most noitherly band (loc 299) contains 
mote taiely Didymograptus uodosus , and moie commonly the 
huger Diplograpti , and is probably just above the Diplograptus 
into situs horizon East of Axe Geek Diplograptus austro- 
deniatus is well lepresented (Iocs 309, 313, 314) though Diplo- 
gi aphis in ter situs is also piesent Loc 314 is paiticulaily 
interesting, as not only do both these Diplograpti occur, but 
Omogiaptn v upsilon is spaungly represented, an example of 
survival which has alieady been commented on At loc, 310 
faither south is a typical outcrop of the Diplograptus austro - 
dentatus zone, and here and at loc 314 forms are occasionally 
found picserved as pseudomoiphs m limomte or as moulds when 
the mumbling filling has fallen out At both localities also a 
small species of Phyllograptus (? P anna) is not uncommon, 
though this genus is more common on higher and lower horizons 
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elsewhere Diplograptus mtersitus occurs as far south as Section 
XVI. (loc 325) and east of the D2 belt, near the eastern boun¬ 
dary of the parish lower Darriwilian beds come m, typically lepre¬ 
sented by loc 316 The survey has not been extended eastward 
into Lyell, but indistinct giaptolites obtained about a mile within 
this parish appealed to be of lower Castlemaiman age and lower 
Castlemaiman and Bendigonian graptohtcs are found m the 
south of the parish 

X. The Upper Darriwilian Succession, 

It will be seen that this distnct provides details of the D2-D1 
succession not yet found elsewheie The succession indicated 
by the development of the graptolites is coiroborated by the 
field evidence Commencing with Diplograptus austrodcntatus 
w e find this form the predominant graptolite at outcrops such as 
Iocs 310, 313, and many outcrops m the south of the area, 
as also near the 97-mile post and elsewheie m the centre Then 
at outcrops such as 169, 198, 309, and 314, although this foim 
is one of the commonest giaptolites, it is associated with Diplo¬ 
graptus inter situs Diplograptus niter situs then characterizes 
a series of beds (Iocs 196, 201, 210, 284, 298). It is then found 
associated with the laiger Diplograpti such as Diplograptus 
dccoratus (loc 299) and finally these foims, mainly Amplexo- 
grapti, predominate, D mtersitus occunmg only rarely (Iocs 164, 
176, and Section XXIX , Huntly) 

Apart from the Diplograpti othei forms also show piogrcssion 
Laswgraptus ethendgn enters with Diplograptus austrodcntatus , 
is common at some, but not all, beds with Diplograptus inter sit us 
(it is raie at loc 196), becomes one of the commonest giaptolites 
m beds where Diplograptus dccoratus is associated with the less 
rigid variety of Dulymograptus nodosus (loc 176), and finally is 
replaced by Laswgraptus protons IT and 1' (loc 164, Section 
XXIX, Huntly) This latter species has a much less complete 
mesh work than L cthcndgci and m adult stages mimics Glosso- 
graptiw hincksn with which it has probably been coni used in 
some lists. Glossograptus acanthus E and W enleis with 
Diplograptus austrodcntatus , and is common with Diplograptus 
intensities, but does not commonly lange higher Diplograptus 
intersitus is associated with a distinctive Didymograptus of 
restricted range {Didymograptus compi cssus 1J and* T ) This 
has at first a straight dorsal margin, but later foims are found 
m which this margin has become “corrugated” (loc. 173) and 
the appearance of the species approaches Didymograptus nodosus 
Didymograptus nodosus itself appears to be preceded by a variety 
with initially narrow stipes resembling those of D comprcssus 
(loc 176, 197) Another graptolite typically restricted to the 
D intersitus zone is Pterogra.ptus inccrtus H and T Cardio - 

graptus crawfordt is not characteristic of any bed below the zone 
of D mtersitus , but is found on this and higher horizons. 
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No zone higher Ilian that of Diplo graft us decoy atus-Didyino- 
graptus uodosus has been found in tins district, not is the pie- 
sence of any such zone indicated by the sti atigraphy, but such 
a bed is known elsewheie m Victoiia Neai the 8-mile stockyaid 
on the Howqua Rivet, eight miles upstieam fiom the deserted 
township of Howqua (now commonly called “Fry’s”), Diplo- 
g rapt as beds die found Moie than one species of Diplograptus is 
present, but specimens showing thecal chaiacteis cleaily aie raie 
One of the commonest forms is Diplograptus (Glyptograptus) 
cuglypints Lapw With it are associated Glossograptus hincksn , 
Pterog?aptus Ivncus K and H, and Isograptas ovatus (T S 
Hall) The same assemblage is found at the more accessible 
locality of Turner's Quail y, Morning ton Peninsula (Allot 27 b, 
Bittern) This assemblage bears a veiy close lesemblance to 
that of Ba 67 at the junction of Jackson's and Riddell's Creeks 
(Q S 6 S E ) usually taken as the basal graptolite zone of the 
Upper Oidovician, and the identifications of New Zealand foims 
by Kcble and Benson(10) show fiom the Cobb Rivet m Nelson 
a closely i elated assemblage, piobably between our Howqua and 
Ba 67 beds The New Zealand foims are preserved m hard 
blue-black shale but have a “ hayed " appealance which makes 
comparison with oui moic deal-cut forms difficult especially 
m the case of Diplograpti , but the painstaking work of the 
authois quoted leaves no doubt as to the gcneial lesemblance 
(End , p 845, loc 1231), There is hardly a foim which does 
not occur at Turner's Quany oi Ba 67, or is not closely i elated 
to foims occurring there, but the geneial aspect of the Diplo - 
graph seems to point to a rather closer resemblance to the 
Turnei's Quany beds than to those of the highei horizon This 
l*-, a case where an opinion is based on the general nature of the 
assemblages and on evidence which a faunal list cannot weigh 
At present the wntei’s peisonal opinion is that the Cobb River 
beds may best be regarded as passage beds which, m a broad 
classification, would be included m the same zone as those fiom 
Turner's Quairy 

To complete the Diplo graptus senes the Ba 67 beds should be 
included as the uppermost zone Immediately and confmnuhly 
above them are beds containing Dicello graptus sextans } Hall 
and Dicranograptiis In me auks E and W with an assemblage 
othciwiso the same as the lowei homon These beds mark the 
incoming of the Dicumogiaptidae, the fust really important stage 
after the incoming of the Diplogiaptidae (Throughout this 
papei the caihet appearance of one of the Diplograplidae, 
Tngonograptwij has not been emphasized owing to the geneial 
lateness of specimens of this genus) Thomas and Keble(ll) 
leave Ba 67 as the base of the Upper Ordovician, with which 
sliatigiaphically its lelationslnp is very close, but we have no 
certain knowledge that elsewhere m Victona, as for example 
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between Newham and Rochloid, similar beds may not be found 
close!} associated with typical D1 beds Moieover, Ivcblc has 
recoidcd fiom Mornmgton, noith-east of Tui net's Quairy, a bed 
which seems to be either equivalent to Ra 67 or a passage-bed 
leading to it Uni ultimately the outetop is so limited that this 
mfoimation cannot be amplified 

XL Zoning of the Darriwilian and Castlemainian 
m Victoria. 

The erection of zones of Diplograptus mlcrsitus, Diploijraptus 
dccoratus , and Diplograptus cagly pints from beds hitheito 
grouped as upper Darriwilian or D1 lessens the exactness of the 
index number Since such numbers, though convenient foi field 
use, do not of themselves convey any definite meaning, an attempt 
is now made to conveit the piesent classification into one which 
will indicate the biological development of the gi aptohtes selected 
as zonal fossils, it being kept m mind that a zonal fossil, like a 
zone number, is little moie than a lefercncc aid, the whole 
assemblage and lelative abundance of fmms being impmtant 
factors 

The division of the Victorian graptolite succession into Lance- 
fieldian, Rendigoman, Castlemainian, and Dartiwihan senes is due 
to T S Hall(12) The same pioneer workei used the term 
“zone” to include indifferently the “zone of Tclragraptm 
{aduceus s ’ (ie ; C2), and the “ zone of Tclragraptus fruticosus J> 
fie, the whole Bendigoman senes (13)), but it has long been 
evident that the division between any two senes is not m any case 
moie important than the division between some zones within the 
same senes, while the local names arc no longer descriptive since 
eveiy senes is represented m each of the senal distncts except 
possibly at Damwil When Laiuefieldian meant only the Mount 
William quarry assemblage, Rendigoman the typical beds of the 
Bendigo gold-field, and Dnimvilian the isolated Diplot/raplus 
bed at Damwil, the series could be legarded as distinct lug 2 
shows this diagrammedically, no attempt being made to uqnescnt 
the thickness of any zone or senes 

LANCEflCL OlAN B END1C0NIAN C ASTLEM A1NI AN DARRIWILIAN UPPER ORD 

L m : wnmm , 

I’lg 2—Scope of Hall’s scheme, 1899, shown by shaded poition PieseiU 
scope shown by full length of column 

With the extension of knowledge even m Hall’s time the spaces 
in the succession were filled m, until when Hall’s work was com¬ 
plete the only gaps were above the Castlemainian It is not 
proposed to deal with the Bendigoman or Lancefieldian as they 
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lie outside the scope of the piesent papei, but since the tuning- 
fork Didymoqrapti in England are associated with what aie 
Daimvdian forms m Victoria, a beginning will be made with 
them 

The incoming of Didymoqraptus proto-bipdus is locally suffi¬ 
cient to wan ant the election of a tiansition series between the 
Teh aqrapius frutuosus senes and the succeeding series of Iso - 
graptus The Didymoqraptus prolo-bifidus beds may be divided 
into a lower and an tippet part, and if the predominance of one 
species is not considered sufficient for the constitution of a 
sepai ate senes the lower bed would be the uppeimost zone ot 
the Telruqraptus frutuosus senes, while the upper (C5) would 
be the base ol the Isograptus senes The piesent numbers B1 
and C5 express this Latei woik on the horizontal Didymo - 
gmpii may make possible a more useful zoning as apait from D 
proto-bifid us m C5, the C5 and C4 beds have no easily lecogmzed 
zonal foims, Isoqraptus caducous not becoming important usually 
till tlie C3 hoiizon is leached 

Isograptus cadmens then, enteimg with D proto-lnfidus m 
C5, becomes impoitant in C3 and the Isogiaptidae then pre¬ 
dominate as high as the middle Dainwllian (D3) The dividing 
line between Cl and 1)5 does not mark an impoitant bleak, the 
chief difieience being the stage of development of the Isogiaptidae 
as indicated by the incoming of Oncograplu s, though new foims 
such as Didymoqraptus v-deflexus and Trujonoqraptus also 
appear first in D5 The Oncocjraptiis-Canhograptus (D4) and 
Cardwgraptns (D3) zones aie usually lccogmzahle, carrying on 
the development of the Isograptidae, but the occasional survival 
of both Oncoqraplus and Cardiograptus to a higher horizon, 
though upsetting to any hard and fast zoning, is what might be 
expected and m the field is not usually disconcerting The deve¬ 
lopmental period occupied by zones D5-D3 w r as piobably 
idatively hnef The zones commencing with D2 (zone of 
Diploqi aptus aiistrodcntaius) mark an important advance and 
may he giouped as a Diplograptus senes Biologically this series 
should include all beds below that which marks the next important 
stage—the incoming of the Dicranogi aptidae This would 
include m this senes the Ba f>7 bed It is not necessary foi 
the older senal names to he discarded for proposes of icfeience 
(m the field they are veiy useful) but the suggested scheme makes 
the basis of the succession clearei An obvious classification 
would be to call the Diplograptus senes Middle Ordovician, inter¬ 
mediate as these beds ate m textuie and life-content between the 
typical Lowei and Upper Ordovician This suggestion, first 
tentatively made m conversation by Thomas, has the disadvan¬ 
tage that m Britain the Middle Oidovician is cliaiactenzed by 
Nemac/raptus , Diccllographis and Chmacoqraptus (14), an 
assemblage corresponding with the lower zones of our Upper 
Oi dovician 
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The pioposed Diploqi aptus senes m outline is therefore as 
under — 

Diplograptus Series 

Zone of DiPiOGRAr rus (Glypiograpius ) inu muse iti us (highest) 
Typical locality—Ba 67 at junction of Riddell’s and Jackson’s Uccks 
(QS 6 SEj 

Chaiactenstic assemblage 

DiplogiapLus teretiusculus (vc ) Ills 
„ euglyphus (c) Lapw 
Climacogiaptus nddellensis (c) Han is 
Cryptograptus tncorms (c) Cair 
Glossograptus hmcksn (c) Hopk 
Retiogiaptus speciosus (c) Hains 
Isograptus caduceus, vai tenuis (v i ) Hams vai 
Didymogiaptto (horizontal spp) (c) 

Pterograplus lyncus K and H 

Zone of Diplograpius ( Gi ypiografiiis ) eugi ypiius 
T ypical localities—Turner’s Quariy , 8-milc, llowqua Rivei 
Charactenstic assemblage — 

As above, except that D tu ctinscuhi^ has not been been lccogmzed with 
certainty, Tcttciyi apius is more common, and Ritiayiaptus speuosus not 
\et lecordecl Isogtapfu\ ovatus occms at both the typical localities, 
though elsewheie it seems to be an Upper Ordovician form 


Zone of Diplograpti s ( 71 Mhsograptus) pecorm'us (D aft coftvius) 

Typical localities—Loc 164 SUathfieldsayc, loc 300 Sedgwick, Allot 
8, Sect XXIX bluntly 

Diplograptus ( ? Mesograptus) decoiatns (vc) H and T 
,, (Amplexograptus) confcitus (c) Lapw 

„ ,, difieitus H and T (c) 

„ „ modicellus H and T (c locally) 

Ciyptograptus schaferi Lapw 
Lasiogiaptus protens H and T 
Isograptus forcipifoimis (Rued) 

Cardiogiaptus crawfoidi Hams 
Brachiogiaptus etafgrnns H and K 
Tngonogiaptus ensiformis J Hall 
Didymograplus nodosus (v c ) Iiart is 
,, dubitatus H and T 

„ cognatus H and T (c) 

„ cuspidatus Rued 

,, acriculus K and H 

Atopograptus woodwaidi Hains 
Phyllograptus nobihs (v c ) PI and K 
Tetragiaptus spp 

In what are piobably the lowei beds of tins zone, J) damaitis , 
Didymoqravtus nodosus, and Lcisioqi aplus cthcndqci aie the commonest 
species as, eg at loc 176 and north-west of Tinner’s Quariy A similar 
assemblage, with D, nodoms very rare, is found at Wooclcnd (Allots 
95-99) and at NevPham (Sect 20) 

Zone of Diplograptus (Glyptograptus) intersitus 
Typical localities—Locs 196, 210 Sti athfieldsaye, 298 Sedgwick 
Diplograptus (Glyptograptus) intersitus (vc) PI and T 
Lasiograptus etheridgei (vc) Hams 
Isograptus forcipiformis (Rued ) 

„ caduceus vair 
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Cardiogiaptus crawtoidi (c) Hams 
Ciyptoguiplus schaferi Lapw 
Glossogiaptus acanthus E and W 
Tngonogiaptus uisilonnis J Hall 
Diclymograptus compressus (l) Id and T 

» S PP 

Tetiagi aptus spp 

Ptoiogiaplus incutus (c) H and T 

Phyllogiaptus sp 

Loganogiaptus cf logam (vi ) 

Zone of Dtplograpius ausirodeni aius (D2) 

Typical localities—Loc 310 Sedgwick, Guildfoid-Strangways Road r 
B urbane Ranges 

Characteustic Assemblage (See list on page 321) 

Isograptus Series. 

Zone ol C ardiogkap ru s mors us (D3) 

Zone ol Cardiograptus and Oncograptus (D4) 

Zone of Onlograflus (D5) 

Zone of Isograptus caduceus van maxim t and \l vximo- 
mvrRGENS (Cl) 

Zone of Isograpilts caduleus \ai vrcioKiAr (C2) 

Zone of Isograpius caducels vai llnaia (L3, C4) 

Didymograptus proto-bifidus Passage Beds. 

Zone of Didymoc.rapjgs ruoro-imopus and Isograpius caductus 
van* primula and llnai a (C5) 

Zone of Didymograpius PRoro-iunnus and Thragrapius 
I* HU IXC OS US (Bl) 

Tetragraptus fruticosus Series. 

(Bendigoiuan zones) 

XII. Correlation. 

The cm relation of Victorian graptohte zones with those of 
the other side of the world lies outside the scope of the present 
paper, but the subject cannot be altogether neglected There 
can be little doubt that, as stated m an earlier paper(5), the 
Victonan Diflograptus senes is the equivalent of the Llan- 
vii nun, and it is probable that more detailed woik will increase 
rathei than lessen the resemblances of the assemblages It 
should be noted, howevet, that m England Diplocji aptus enteis 
on a lowet honzon and that m Victoria the tuning-fork Didymo - 
cjrapti ate absent from the Darnwilian In fact, whether our 
common Viclomn dependent Didyniotjraptus is D bifidus Hall 
oi D prolo-bifuins Elies, its associations aie not the same here 
as in eithei Euiope oi Ameiica 

The con elation of lower zones is more difficult and the opinion 
is expiesscd that it would be well to delay a levision of the 
coil elation until a detailed and systematic study has been made 
of Victorian horizontal Didymograpti Our knowledge of these 
forms is at piesent very limited, partly because their zonal value 
has not been stiessed, and partly because as a rule Victorian 
forms which otherwise resemble those of the old world have 
lower angles of thecal inclination, and the value to be attached 
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io this has not been decided It is laic, as fat as I have studied 
these forms, to find any with angles of ovei 35°, and the identity 
of even well-known forms such as D nitidns and D nic/iolsoni 
has not yet been definitely asset ted 

XIII. Notes on the Map (Fig. 3.) . 

The map which accompanies this paper is intended chiefly to 
show the chstubution in the Bendigo East distuct of the giapto- 
lite zones outlined Fos^ilifeums outcrops aie too scat lei eel to 
enable it to repiesent detailed structure It is piobable that as 
faulting can be clearly demonstiated east and west of the 
mapped area (towards Heathcote and at Bendigo) it also affects 
the present aiea 

When the featuies marked on the map are shown on a laigei 
scale, eg, 2 inches to the mile, seveial inteieslmg featuies, 
lather obscuie on a smaller map, stand out 

(1) Tt is piobable that the broad belts of Lancefieldian, Uendi- 
goman, and Castlemamian west of the Whitelaw Fault enclose 
smaller areas or strips of one or other senes The detailed 
survey of the Bendigo Gold-field (15) shows that this is so m 
the cential Bendigo area If it is found not to be so south of 
Bendigo, the difference m folding may possibly be coil elated 
with the less auriferous natuie of the rocks m that dnection 

(2) The belts of Damwiltan east of the fault are shown as 
long usually nairow strips, with some minor indentations m 
then outline due to pitch It is ceitam that more detailed work 
will show that the number of indentations and mliers of othei 
senes is much gi eater than the present map indicates With 
the increase of emphasis on assemblages of species and relative 
abundance rathei than the mere occuirence of a '* zonal ” form, 
large collections aie necessary for accuiatc zoning, especially 
when there is a tendency for species to be icstncted locally to 
hands, 

(3) The appearance of great width of the lowet to middle 
Damwilian in the parish of Wellsfoul may he pmtly due to 
lack of evidence to the conliary Indefinite evidence of the 
presence of Diplocjraptm ausirodcnlaln v near the centie of the 
parish was obtained, but was insufficient to watianl allegations 
m the mapping. FIere again, and in fact ovei the whole of this 
unsatisfactory palish, detailed woik is much to he desiied 

(4) The problem of the lelationslup of Lance field tan to Bendi- 
goman and Castlemamian m the north-east of the aiea has 
already been mentioned A possible partial solution would be 
the placing of a fault i mining north and south almost along 
the western boundary of Eppalock and Axedale. This might 
help to account for the nairow strip of D3-D5 in Sedgwick, but 
as no positive evidence at all has yet been produced it does not 
seem wise to do more than suggest the possibility 
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XIV. Index to Graptolite Localities. 

Caldwell's 
Field No 

A 159 28 chains west fiom south-east coma ot Allot It, Sect X r 

Sti athfieldsayc (D5) 

100 23 chains west, 7 chains south itom noith-cast cnrnei of Allot 12, 

Sect X, Stt athfieldsayc (D4) 

164 Wlicie watei-racc touches Emu Geek-road at south-east coinei oi 
Allot 19, Sect IV, Sti athfieldsayc (Zone of Didymograptus 
no do sits ) 

167 21 chains east of Allot 30, Sect III, Sti athfieldsayc (on ioad) 

(Zone ol Didymograptus nodosus) 

169 Acioss north-east comei of Allot 26, Sect 1U, Sttathheldsa>e 

(Outciops on both loads) (D2—high) 

170 Near north-east comei of Allot 4, Sect V, Sti athfieldsayc (on east 

and west ioad—veiy limited outciop) (Zone of Diplograptus 
inter situs) 

173 On lace at notth-cast comei of Allot 1a, Sect V, Stiathfieldsau 
(Zone of Diplotjiaptns into situs) 

176 On Sedgwick-road about half-way between watei-iace and the south¬ 
west corner of Allot 4, Sect V, Stiathiieldsaye (Zone of 
Didymograptus nodosum —low) 

179 At south-west coiner of Parish of Strathficldsaye (B2) 

180, 181 Neai loc 179 

196 1 chain east from noith cornel of Allot 3, Sect XIX, Sti ath 

fieldsaye (an extensive surfaced area) (Zone of Diplograptus 
tntu situs) 

197 10 chains east fiom I oc 196 (Zone of Dtdymogi aphis nodosum 

—low) 

198 On south side of road noith of Allot 8, Sect VIA Stiathfiddsavc, 

and just east of Axe Cieek (D2) 

201 13 chains noith, 8 chains west irom south-east comer of Allot 2\, 

Sect V, Stialhiieldsave (in bed of watercourse), (Zone of 
Diplograptus intci situs) 

202 In water-course in noith-east comei of Allot, 27, Sect III, Stiath- 

fieidsaye (Zone of Diplocj)aptn s iniemiu\) 

203 On small waler-iace m centie of same allotment as loc 202 (Zone 

of Diplograptus mtet situs) 

205, On road south of Allot 3a, Sect VIII, Strathficldsaye (1)4 D5) 

209 Mclvor-ioad at south-east comer of Paush of Sandluu si, (Zone of 
Didymograptus nodo sits —low) 

210-211 In stoim-watei channel on south side of Mclvur-ioad, between 
loc 209 and lailway crossing at 97 miles 36 chains (Zone of 
Diplograptus tnteisitus) 

226 On Axe Creek m Allot 3, Sect XVI, Strathficldsaye (C’2) 

229 On Axe Creek tn south-we^t of same allotment as loc 226 (Cl) 

230 At north-west corner of Allot 9, Sect XIX, Sti athfieldsayc (on 

ioad) (L3) 

244 Jn north of Allot 41, Township of Strathfieldsaye (on watei-race— 
badly cleaved material) (D2) 

283, 284, 285 In road cutting west of Axe Creek, south-east of Sect V, 
Sedgwick (Zone of Diplograptus miersitus) 

298-299 In watercourse 9 and 19 chains north lespectively fiom the 
north-west corner of Allot. 1, Sect IX, Sedgwick (Zone of 
Diplograptus mtcisitus), 
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300 At north-east coinei of clam m noitli-wcst cornel of Allot 1 a, Sect 
V, Sedgwick (just off Sedgwick-road) (Zone of Didymo- 
graptus nodosum) 

303 On light bank of Axe Cieek in south-west of Allot 7, Sect X, 
Sedgwick (Zone oi IJidymograptus nodosus —probably) 

309 7 chains west fiom south-east comet of Allot 8, Sect X, Sedgwick 

(Zone oi Diplogtaptus intersitm— low, or D2 high) 

310 9 chains south, 13 chains west from noilh-east coiner of Allot 2, 

Sect XI, Sedgwick (m tubutaiy water-course) (D2) 

313 3 chains south, 3 chains west fiom noith-east coiner of Allot 6, 

Sect X , Sedgwick (on load) (Zone of Diplograptus inter- 
situs —low) 

314 In small wateicouise in north of Allot 2 a, Sect VIII, Sedgwick 

(D2) 

310 1 chain noith from south-east comei of Sect, XI, Sedgwick (just 

south of dam) (D5) 

32^ 1 cliam noith, oil chains east fiom noith-east comer of Allot 1, 

Sect XVII , Sedgwick (Zone of Diplogiaptus intersitus) 
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Art XVlLI—Victorian Lozver Pliocene Bryozoa Part l 
By LEO W STACK 
(With Plate XII) 

[Read 11th Octobci, 1931, issued sepaiately, Pth May, 193S | 

Introduction. 

The Victorian Lower Pliocene Biyozoa, piobably because of 
their comparative rarity and the overwhelming variety and 
extraordinary preseivation of Victouan Lowei Teitiaiy forms, 
have leceived but passing mention fiom picvious woilceis The 
Bryozoa form, however, a definite constituent of Lowei Pliocene 
faunas and their stratigiaplncal application in borings has scaieely 
been utilized because of the lack of systematic treatment ol the 
Lower Pliocene species The present contilbulion lists the foims 
m an extensive series of sievmgs collected from the classic 
Macdonald’s locality on Muddy Cieek, Hamilton, during januaty, 
1934 

The author (1933) stated that the Catemcelhclae had not been 
found in the Lower Pliocene, his material being then confined Lo 
an extensive series of washings from Beaumaris, the uppei 
section of No 7 boie, Parish of Glencoe, and a small amount 
of material from Macdonald’s Fmthei seat eh has revealed 
their occurrence at the present locality, and it is hoped that 
further work on the Lower Pliocene Catemcellidae will matei tally 
assist the elucidation of the phylogeny of this intei estmg southern 
Australian group 

Previous Literature. 

The earliest lecotd .of Victorian Lowei Pliocene Biyozoa 
known to the author is that of Maplcstone (1902) who recoids 
the occurrence of “ ScJnzoporella” jlahehata Mapl , 1902, fiom 
Tommy’s Point (Lakes Entiauce) and the Reeves Rivet 
Livingstone (1924) has shown this form to be an eailv /oanal 
giowth stage of the Recent Pnrmnlana obliqua (Macgilhviay) 
The former author (1904, l) later lecouls sevenal species of 
Selenana from Jemmy’s Point and pctaloide s fiom Beaumaris 
It is doubtful whether the species recoided fiom Bcaumaiis by 
Maplestone m the latter papei and in his tabulated list (1904, n ) 
were obtained from the senes above or below the remame nodule 
bed (Lower Pliocene and Lower Miocene 1 espectivclv) at this 
locality 

Chapman (1916) has recoided Biyozoa from mixed Mioccnc- 
Phocene faunas in the Mallee bores, and latei (1928) a fairly 
extensive series consisting mainly of Cellarndae and “ Lunnlitcs’' 
from the Lowei Pliocene (Ivalimnan) of the Soirento boie 
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List of 

0 turn ell a yiandipnra, sp nuv P 
Antchnopusia cuantnoteros (Mac- 
G) P -R 

d letmmala (Watus) M-P 
L ah'u ham denticiilata (MacG) 
M-R 

’'Veit liana [mm lata T —Woods 
S mautlala (Husk) M-R 
Sleganopo) clla magntlab) is (Busk) 
M-R 

CclUu ui am 1 1 ahs MacG M-R 
Ccllana s etigna Pei gens P-R 
Cabirea gtandi s Hmcks M-R 
Sihizapoi clla const rvaia Waters 
M-R 

Pai mularia obhqna (MacG) 
P-R 

M = Lowei Miocene, P = ! 


Species. 

lubtuellana hirsuta (Lamx ) 
P-R 

7 tcieoidcs gracilis Canu and 

Basslet P-R 

Retcpoia pot ccllana MacG M-R 
Adconcllopsis australis MacG. 
P-R 

Pitlatiidla elegant (Busk) M~R 

V (pacilenta (MacG ) P-R 

V hannafordi (MacG) M-R 

C ornuticclla perforata (Busk) 
P-R 

Ptci occlla alata (Wyv-Th ) M-R 
ClazLpoiella auuta (Busk) P-R. 


u Pliocene, R = Recent 


Aspect of the Faunal Assemblage. 

The abundance of LumthlcsAtnm zoana m this deposit is the 
most sinking leatiue of the biyozoan fauna Daitevelle (1933) 
notes that “ Lu indites '* aic common on sandy bottoms subject to 
the mtluencc of tides and cun cuts, thus indicating moderately 
shallow-water conditions The occunence of abundant Catem- 
celhdae also points to a similar balhymetuc facies, the group, 
fiom available reeoicls, apparently flourishing at depths of five 
to forty fathoms and forming, together with Ccllana s chqeia, a 
conspicuous constituent of stoim debris aiouncl the Victorian 
coast 

The fauna has an essentially Recent character, and the gap m 
the maime histoiy of the Muddy Cieek aiea from Lowei Miocene 
to Lowei Pliocene represented by the lemanie nodule bed, 
accounts for the extinction of a large propoition of the Lower 
Miocene fauna of the underlying senes represented at Clifton 
Bank Many of the foims arc recoided as fossil foi the fiist 
time 


Systematics and Distribution, 

OllONERL'V GKANDJPORA., Sp 110V 
(PI XII , Figs 1, 2) 

Descnplion—/oarium discoidal, slightly convex The zooecia 
ate roughly polygonal with the distal raised margins lounded 
The* opesium is oval and slightly bioader at the pioximal end, 
the fiee edge of the finely papillose ciyptocyst being minutely 
denticulate The asymmetncal mterzooecial vibracula occur in 
the angle between the distal nm.s of neighbouring zooecia 

The lachal ribs of the slightly concave inner face are minutely 
papillose and slightly convex, perforated by a longitudinal iow 
of scattered poics and separated by lianow taised ridges 
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Dimensions—Ztniunn, diametei 3-0 mm, zooecium, length 
0 43 mm, width 0 37 opesium, length 0 27, width 0 18, vibia- 
culum, lengtli 0 20, width 0 08 

Obseivations—This species appears to belong to the genus 
OhovcJla Canu and Basslei (1920), but lacks the laised “ collar ” 
bordering the opesium, which featuie seems to he a chaiacteiistic 
of the genus The species is distinguished fiom the North 
Amencan Teitiai> fonns by its laigei dimensions and the gieatei 
piopoitionate area of the opesium 

Distribution—Lower Pliocene Macdonald’s 

Arvciimopusi \ acan thoceros (Macgilliviay, 1887) 
Cnbnluia acanthoceros Macgilliviay, 1887, p 08, pi n, fig 4 
Arachnopusici acanthoceros (Macgilliviay), Livingstone, 1924, 
p 204 

Distribution—Recent Poit Phillip Heads, Poitland (Mac- 
gillivray). 

Lower Pliocene Macdonald’s 

Araciinopusia terminate (Wateis, 1881) 

Cribnhna tenmnata Waters, 1881, p. 326, pi xvn, fig 68 
Arachnopitsia tenmnata (Wateis), Canu and Basslei, 1920, p 313 

Observations—A single specimen of thus species agreeing in 
minute detail with the zooecia figuied by Wateis (1881) was 
found encrusting a shell fiagment This is one ol the few 
extinct species common to both the upper and lower Tcitiaiy 
of Victona 

Dimension^ —Zooecium, length 0 80 mm , width 0 58, apciture, 
width 0 23, height 015 

Distribution—Lower Pliocene MacDonald’s 

Lower' Miocene vide Maplcstone (1904, n ) and add 
Soilento bore, 1,320 feet 

Caleschara dentxculata (Macgilliviay, 1869). 

EscJiaia dentunlata Macgilliviay, 1869, p 138 
Caleschata denheuktht (Macgilliviay), 1895, p 51, pi vi, figs 8, 9, 
Livingstone, 1928, p 112, UxL-fig 31 

Observations—This foim is abundant at Macdonald’s, occm- 
rmg as bilammate foliaceous fragments The Lower Miocene 
specimens aie gcneially of the type described as vai to mm by 
Busk (1884), but whether it should he separated as a distinct 
species is doubtful The lowei Teitiaiy senes has a deeper- 
water facies than ihat lepresented by the Lowei Pliocene, and 
it is possible that the narrow bilammate fionds with their moic 
elongate zooecia constitute a growth variation correlated with 
the moie equable conditions prevailing m deeper water than in 
the littoral zone within the limits of wave action, where zoarial 
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giowth would lend lo dominate in the horizontal plane lathei 
than 111 the vei lieal plane Significant m this dnection is the 
fact that var tenuis was lecoided fiom 38 fathoms, while Mac- 
gilhviay’s foliacenus specimens wcie obtained Itom stoim debus 
and tidal scour 

Oistilbtilion—Recent Queenschfl, Moimngton, Wairnamhool 
(Macgdhviay) , off East Moncoetir Ls (Bass Sti ) at 38 faths , 
Curtis Is (Bass Str ) (Rusk), South Ausliaha 14-40 faths 
(details, Emngstoue, 1928; 

Lowci Pliocene Macdonald’s 

Lower Miocene vide Maplestoue (1904, u ) and add Bates- 
foul Tunnel mail, Cuilewis marl, Foisyth’s (below r lemame 
nodule lied) on Giangc Burn (Hamilton) 

? Selenaria punctata Temson-Woods, 1880 
Selcnctna punctata Temson-Woods, 1880, p 9, pi n, figs 8 a-c 

Dimensions—Zooecium, length 0 32 mm , width 0 25, opesium, 
diameter 0 08 

Observations— X Y veiy much abiaded zoaimm was found with 
a single zoocuum intact The zooecium has the two opesiules 
characteristic of the above species, but its zooecial dimensions 
aie greatei than those given by Maplestoue (1904, i) and less 
than those of S macjmpunctata Maplestoue, 1904, which is a 
lowci Tertiaiy fonn It is doubtfully referred here to the 
Recent species, but its relationship cannot be fully asceitamed 
without furthei specimens, 

Selenaria maculata (Busk, 1852) 

Lunuhtc r macnlata Busk, 1852, l, pi l, figs 15, 16 
Sclcnana macnlata (Busk), Macgillivray, 1895, p 47, pi vn, 
figs 5-7 

Distiibuticm —Recent Bass Stiait (Busk), Holbom Is 
(Queensland) , Barnard Is (N E Aust) at 10 faths 

Lowci Pliocene Macdonald’s, Soilento bore, 660 ft -730 ft 

Lower Miocene vide Maplestoue (1904, n ) and add Bales- 
foul Tunnel mail, Curlewis mail, quany on Thompson’s Ck. 
I ml E of Tou[uay Road, Sonento boie, to 1,525 ft 

S pecanoporella magnjlabrts (Busk, 1854) 
Mcmlnampora maqnilabns Busk, 1854, p 62, pi lxv, fig 4 
Sleqaiwporclla niaqmlajbns (Busk), Canu and Basslei, 1929, p 144, 
pi xv, figs 1, 2 

Observations—This well-known, wudely-distnbuted species is 
repiesentetl thioughout the greater pait of the Victorian Teitiary 
sequence Regarding its bathymetric occurrence, Canu and 
Basslei (1929)' have" stated that “Its piesence m the fossils 
does not have a giqat bathymetric significance ” A single abiaded 
specimen with zooecia identical with Victonan Recent specimens 

14051 —9 
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was obtained Contiary to the geneial habit of this species, the 
specimen is unilamellar and appaiently had been enci listing' an 
irregular substiatum 

Distribution—Recent Atlantic Ocean 8-182 laths, (details, 
Canu and Bassler, 1928 ); Indo-Pacific Region 2-230 fatlis 
(details, Canu and Bassler, 1928, 1929) Southern Austiaha 
Bass Str, Lakes Entiance, Beachpoit 40 laths, 7 mis, SW 
Newland Head (Encounter Bay) 20 faths , 3 mis S Tank Hds 
16 faths , Port Wallaroo 15 faths (Livingstone) 

Pliocene Caloosahatchee mail (Flonda) 

Lower Pliocene Macdonald's, 

Miocene* Choctawhatchee marl (Flonda) 

Lowei Miocene vide Maplestone (1904, n ) and add: Laigon 
Ck off Tooiloo Arm (8 mis E of Lakes Entrance) , Souento 
bore, 1,693 ft (Chapman), 

Celiarja australis Macgilhviay, 1880 

Ccllana fismlosa var australis Macgillivray, 1880, dec v, p 48, 
pi 49, fig 1 

Ccllana australis Macgillivray, 1895, p 29, pi id, fig 19. 
Distribution—Recent. Bass Str, cable, Quecnscliff, Portland 
(Vic) , off Port Morowie 14 faths (South Aust), 

Lower Pliocene Macdonald's, Glencoe No. 7 bote 160 ft- 
200 ft, Sorrento bore 324 ft -719 ft 

Lower Miocene vide Maplestone (1904, n ) and add Soircnlo 
bore, to 1,608 ft 

Cellaria setigera Pergens, 1887 

Salicornana hirsuta Macgillivray, 1869, p 128 

Ccllana hirsuta Macgillivray, 1880 ( non Lamouroux, 1816 = 
Tubuccllana husuta ), dec v, p 48, pi 49, fig 2 

Cellaria setigeia Desmarest and Lesueur MS, 1829, pi vm. fig, 6 
Pergens, 1887, p 89 

Obseivatzons—This species is readily recognized in the fossil 
state by the perforations at the bases of the zooecu, indicating 
the points of attachment of the numerous chilinous, filiform 
appendages which suggested both the trivial names attached to 
this form 

Distribution—Recent Western Port, Toiquay, Quecnscliff, 

Poitland, Bass Str cable [Vic ) 

Lower Pliocene Macdonald's 

Caberea grandis Hmcks, 1881 
(PI XII, Fig 3 ) 

Cabotea giandis Hmcks, 1881, p 50, pi m , fig 4 
Observations—Several very much abiaded fragments refer¬ 
able to this species were found The characters of the zooecia 
are made out with great difficulty, but the dorsal view of the 
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viluacultii grooves is quite distinctive This species was lecoided 
from the lowei Teitiary of Victona hy Macgilhvray (1895), 
who lematks that none of his specimens showed the large 
vicanous aviculaiia usually seen m the Recent foims ' Maple- 
stone, howevet, has wiittcu a note in his copy of the “ Mono¬ 
graph ” stating that he had seen specimens with that featuie 

Distribution—Recent Bass Stiait cable, Western Foil, Lakes 
Enhance, Port Phillip Heads (Vic ) , 22 mis E of Port Jackson 
at 80 faths , Dai nicy Is (Tones Sti ) at 10-30 faths 

Lowei Pliocene Soircnto bore 726 ft, Macdonald's. 

Lowei Miocene vide Maplestone (1904, u) 

ScnizoroRELLA conservaia Wateis, 1881 
(PI XII, Fig 4) 

Sthtzoporella comcivata Waters, 1881, p 340, pi, xvm, fig 81, 
Hincks, 1882, p 165, pi vn, lig 2 Maplestone, 1904, n, 
p 207 

Schizoporclla insujms Macgilhviay (non Hincks, 1881), 1883, p 
132, pi n, fig 11 Hincks, 1884, p 281 

Sthiaoporclla dacdala Macgilhvray, 1887, dec xiv, p 146, pi 138, 
lig 4, idem, 1895, p 84, pi xi, fig 15 Maplestone, 1904, n, 
p 207 

Obseivations—Hincks (1884) pointed out that 5* msignis 
MacLr (1883) could be refeired to S conscrvaia Waters, 1881. 
Macgilhvray (1887) denied this (misquoting Waters' species as 
“ conir over set ”) and changed the trivial name to daedala, since 
his original name was preoccupied by Hincks (1881). Later 
(1895) Macgilhvray admitted the conspecificity of the two forms 
and described the species under the name “ daedala/ J ignoring 
the priority of Wateis’ name lt consrrvata Maplestone perhaps 
regarded them as sepaiate species, but may have accidently listed 
them sepai ately during the labonous mechanical assemblage of 
lus catalogue (1904, li ) 

Distiibution—Recent Off Poll Phillip Pleads (Macgilhviay), 

Lowei Pliocene Macdonald’s 

Lower Miocene vide Maplestone (1904, it ) 

Parmularta obiiquv (Macgilliviay, 1869). 

(PI XTT, Fig 5 ) 

lluhaia nbhqna Macgillivi ay I860, p 137 # 

Stluroporclla ftahcllafa Maplestone, 1902, p 68, pi vn^figs 10, 10 a 

J’anuularia obhqita (Macgilhviay) Livingstone, 1924, p 190, pi 
xxm, figs 1, 2, pi, xxv , fig 1, pi, xxvi, text-fig 1 

Distiibution—Recent Eastern and southern Australia at 5-100 
fathoms (details, Livingstone, 1924, 1928) 

Lower Pliocene* Jemmy’s Point, Reeves River (Victoria) 
(Maplestone) , Macdonald’s 
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TuKUcrLL\Rr\ htrsuia (Lamuuroux, 1816) 

(PI XIJ , Fig 6 ) 

Cdlana Jnmnita Lamouioux, 1816 (non Ccllana hasuta (MacG, 
1869 )=C sttiycia Pei gens, 1887), p 136, pi n, fig ^ 

Tubucellana hmuta (Lamouioux), Livingstone, 1928, p 117 

Observations —This species is readily distinguished m the 
fossil state by its similai zooecial arrangement to that of the 
genus Tetraplaria Temson-Woods, and by the piesente of the 
pits on either side of the peiistome marking the mseition of the 
jointed, filiform, chitmous piocesses chaiacteiistic of this species 
The fossil specimens aie generally much worn, the peiistome 
being usually completely abraded away It is essentially a 
shallow-water foim and is common around the Victonan coast 
amongst stoim debris 

Distribution —Recent Queenscliff, Western Port, Cape Otway, 
Portland (Vic ) (Macgilliviay) , off Two Sisteis' Is , Bass Sir 
cable (J Gabriel coll ) South Australia 12 mis SR by S 
from Newland Head ( Encounter Bay) at 24 faths (Livingstone) 

Lower Pliocene Macdonald's 


Tubucellari v cereoides gracilis Canu and Basslei, 1929 
(PI XII, Fig 7) 

Tubucellana ten aides (non Ellis and Solander), Macgillu ia>, 
1885, p 107, pi i , fig 4 

Tubucellana teieoidcs giatihs Cum and Bassler, 1020, p 355, pi 
xliv , figs 1, 2 

Observations—The Lower Pliocene specimens agiee with the 
Philippine specimens of Canu and Basslei (1929) m the more 
proximal position of the ascopore and the dimensions ol the 
zooecia Macgtlhvray’s specimens irom Poit Phillip Heads also 
show these featuies, the typical T cereoides (Ell and vSol ) from 
Naples having the ascopme situated close to the peiistome 

Distiibution—Recent Port Phillip Heads (Matgilliviav ) , 
various localities m the Philippine Js at depths of 20-240 laths 
(Canu and Basslei) 

Lowei Pliocene Macdonald’s 


Retepora for cell \na Macgillivray, 1869 

Rctepoia pot ccllana Macgilh\ra>, 1869, p 140, idem, 1805, p 115, 
pi xv, fig 15 

Distribution—Recent Poit Phillip Heads 
Lower Pliocene Macdonald's 

Lower Miocene vide Maplestonc (1904, n ) and add Quart y 
on Thompson’s Geek \ ml E of Tot quay Road 
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Adlonkllupsis auslraiis Macgilliviay, 1886 
Adcomllopsis australis Maapllivici\, 1886, p 134, pi n , lips 2, 3 
()bsei vntums—Tins species occuis abundantly m the deposit 
as abiaded bilammale iiagments The upwuidly-dnectcd avi- 
lulatium and the thiee oi four sLellate aseopoies aie typical oC 
the spates 

1 )istiilmtion —Recent Pott Phillip Heads (Macgilliviay). 
ho wet Pliocene Macdonald’s 

VmAlIlhLL\ liLECiANS ( Busk, 1852) 

C atcnuclla elegant Busk, 1853, 1 , p 361, pi i , fig 2 
Ihltalnclla elnjans (Busk), Such, 1634, n, p 19, pi m, fit’s 1-4 
Disliilmtion—Recent rule Stach (1654, n) 

Lowei Pliocene Macdonald’s 

I owei Miocene Poisyth’s (below leniame nodule lied) on 
Change Hum (Hamilton) 

Viti A'LiCM a \ (,r\c ir t n i a (Macgtllivray, 1885) 

(Id XII , Firs 8, 6 ) 

(ahnmlla quuihnla TVhugillivi.iy, 1885, p 10(), pi i, fitf 3 
I iltaluclla imuihnla (Macgilliviay b Maple stone, 1601, p 202 
I )est i lption — Zooetium elongate, subreclangulai, tupciing 
slightly at base, gicutest width, at level ol scapular conipai t~ 
incuts, equals one-tlmd length ol /ooecium 

PioKimal tun, equalling moie than one-hall width of /ooecium, 
situated one-lifth of distance pioxmully fiom distal conneeting- 
tuhe apeituie Apeituic subcucular, tiansveise, extends two- 
thnds distance fiom pioxnual nm to distal connecting-tube 
apeituie 

Scapulai compattmeuts, at level of distal halt of apertiue, face 
obliquely latcially, mtiascapular compartments situated at level 
oi pioxnual half of apex l lire, supiascapular compaitmeuts face 
obliquely lotwaul und upwatd The nut row vittue equalling 
fom fifths length of /ooecium, face entiiely laterally and have, 
a single io\v ol about twelve septulae 

Dorsal suiface logtilatly convex Axis of daughter /ooecium 
inclined at about 55° to that of mothei /ooecium Mucgillmay 
(1885) notes that the ovteell has a cential, smooth, longitudinally- 
elongate (juadrate aica 

Dimensions — Zooecium liotn Macdonald’s Zooecium, length 
0 75 mm , width 0 52, aperture, diameter 0,15 , vittae, length 0 45 
Recent /ooecium fiom off Shoalhaven* Zooecium, length 0 87, 
width 0 30, apeituie, diameter 014, vittae, length 0 51 

Obsctvations.—The single fossil zooecium found has a portion 
of the pioximal end bioken off, thus accounting for the thffeience 
in the dimensions of the two zooccia lecouled above, 
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No additional recoid of this species is known since 1885 It 
is readily distinguished by its extieme slenderness and long latest al 
vittae. The zoamun, seen macioscopically, has an etiolated 
appearance quite distinct fiom zoana of the majonty of the 
Catenicellidae It may here be noted that the angle between 
the axes of the zooecia of a gemmate pan is a fanly constant 
character of most species of the Catenicellidae and laid} vanes 
more than 10° It often gives a ehaiactenstic macioscopic 
feature enabling zoana to be lauly accurately suited specifically 
from bulk samples 

Distnbution—Recent Port Phillip Heads (Macgilhviay) , 
Western Port (Vic ), oft Eden and off Shoalhaven (NSW J 
(J Gabriel coll ) 

Lower Pliocene Macdonald's 

V itTxVticella hannafordi (Macgilliviay, 1869) 

Catemcella hannafoich Macgilhvray, 1869, p 127 
Vittaticella hannafordi (Macgillivray), Stach, 1933, p 97 

Distribution —Vide Stach (1933) and add, Lower Pliocene 
Macdonald's 

CORNUTICELLA PERFORATA (Busk, 1852) 

Catemcella perforata Busk, 1852, 11 , p 10, pi vm, figs 1, 2 
Vittaticella peiforaia (Busk), Maplestone, 1901, p 202 
Catenana perfotata (Busk), Levinsen, 1909, p 219 

Description,—Zooecium elongate-oval m outline; gieatest 
width, at level of scapular compaitments, equals about one-half 
length of zooecium 

Proximal rim, one-third width of zooecium m length, situated 
one-third distance pioxmially fiom distal connecting-tube apei- 
ture The aperture is longitudinally oval, extending two-tlurds 
of distance from pioxunal nm to distal connecting-tube apertuie 

Scapular compartments, extending from level of proximal lim 
almost to summit of zooecium, face chiectly laterally and have one 
Oi more rounded uncalcified aieas at their bases, infrascapular 
compartments 1 educed m extent, suprascapulai compaitments 
face upward The narrow vittae, with a single low of seven 
to ten septulae, face directly lateially and equal two-thuds length 
of zooecium The fiontal has spat sely-scattered fine per¬ 
forations 

Dorsal surface legularly convex, depressed behind scapular 
compartments Axis of daughter zooecium inclined at about 45° 
to that of mother zooecium 

The smooth terminal ovicell, pertaining to the mother zooecium 
of a geminate pair, is pyriform and has a median longitudinal 
raised ridge 
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Dimensions—Recent zoocoum ftom To iquay (Vic ) Zooe~ 
cmm, length 0 42 mm, width 0 20, apcituie, dianietci 0 09; 
vittae, length 0 23 Zooccmm fiom Macdcmaid’s Zoocuttm, 
length 0 40, width 0 22, apeituie, diametei 0 09, vittae, 
length 0 21 

Ohsei valions—The position of the ovicell, noted by many 
authois, places this species m the genus Cornuhcclla Canu and 
Basslei, 1927, which appears to be imther chatacteil/ed by the 
lateially-dii ected vittae 

This species is leachly iccogmzed, m the absence of the ovicell, 
by the uncalciiied areas at the bases oi the scapulai compart¬ 
ments and the narrow, iatcially-directed vittae with a single low 
of seven to ten septulae. 

C peiforala is abundant on the Viclonan coast and this con¬ 
stitutes its initial lecoid as a fossil 

Distulmtion—Recent Poit Phillip Heads, Western Port, 
Toiquay, Apollo Bay (Vic), off Launceston and Devonport, 
Ciiculai Head (Tas), off Montagu Is 50 faths (NSW) 
(Aust Mus coll ) , St Vincent Gulf (Sth Aust Mus coll ) , 
10 mis off Cape van Diemen at 50 faths , Tlnee Kings’ Is at 
65 faths (New Zealand) (Livingstone) 

Lowci Pliocene Macdonald’s 

Pterocella au at a (Wyville-Thomson, 1858). 

Catemcclla data WyviUe-Thomson, 1858, p 137, pi xm, fig 4 

Pterocella alata (Wyv.-Th.)» Levinsen, 1909, p 246, pi xu, figs 
6 a-b, pi xxi, fig 4a. Stash, 1934, i, p 17, text-figs 1 a-c . 

Distribution — Recent * Western Port, Torquay, Lakes 
Entrance, Wannambool, Queenscliff (Vic.); New Plymouth at 
8 faths (New Zealand) , off Launceston and Devonport (Tas ) 
(Aust Mus. coll.) 

Lower Pliocene. Macdonald’s 

Lower Miocene vide Maplestone (1904, ii.) and add* Glencoe 
No 7 bore 580 ft, 650 ft., 790 ft, under lailway bridge over 
Glenclg River at Daitmoor, Allona Bay coal .shaft, Flinders, 
Nth. side of Aimstrong’s Ck, 10 elms K. of Torquay Road, beach 
cliff at Ocean Glove, Bates lord Tunnel mail, Piowse’s marl pit 
(2 mis. W of Mt Monac), Cochran’s marl pit (near Ceres), 
Hamilton boie 80 ft -85 ft 

Clavxporella aurjta (Busk, 1852) 

Cttlcnuella aitttla Busk, 3852, n, p. 8, pi lv, figs 1-3 
Clavipoiclla atmta (Busk), Levinson, 1909, p 243, pi xx, figs. 
10 a-b, 

Distiibution—Recent Apollo Bay, Toiquay, Lakes Entrance, 
Port Phillip Heads, Lome, Western Port (Vic ) , Encountei Bay, 
Port Elliot (South Aust. Mus. coll ) , off Cape Maria van 
Diemen (New Zealand). 

Lowci Pliocene Macdonald’s 
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Aiu XiX —An Account oj the Cultural and Cylologual 
Charactcnshu > of a New Species of Myiogala 

By KATHLEEN M CROOKS, M Sc 
| Read 8th November, 1934, issued scpaiately, 8th JVI.iv, 1935 | 

I. Introduction. 

Dunng the isolation of several fungi from Janah {kiualyptu s 
margmaia) timbei, particular mleiest was taken m one form 
which appealed to be lather unusual On investigation, this 
proved to be a species of Mycogala Its chaiacteis did not agree 
with those of any previously descnbed membeis of this genus, 
so that it has been given the specific name, Mycogala margmata 
An account is given here of the mam cultural and structural 
characteristics, including the development of the peiithecium, 
from the observations made 

II. The Fungus in Culture. 

The fungus grows readily on most of the media m ordinary 
use On the solid media used an important chaiacteiistic of 
this form is the very pronounced colour change bi ought about 
in the medium by the fungus Geneially, the growth is mainly 
submerged with little superficial development The optimum 
tempeiature for growth is about 19°C 
1 Malt Agar 

( a ) Macroscopic —The fungus grows quickly, but aenal 
growth is scanty, and is usually represented by only a small 
amount of white, flaky mycelium at the upper end of the malt 
slope With the growth of the fungus over the agar, the latter 
changes m colour to a light yellowish-brown which soon deepens 
to a reddish-brown, and, m an old culture, the medium appears 
almost black Perithecia are abundantly developed on the 
surface of the medium, and when mature aie dark and cai- 
bonaceous m appeal ance, and easily visible to the naked eye 

(h) Microscopic —The hyphae of the mycelium are geneially 
uniform m size, and contain abundant oil Septa aie developed, 
although usually at fairly wide intervals (Fig 1) 


Fig i Hypha of Mycogala margmata X 545 (a) 

vacuole, (b) nucleus, (c) septum 

After about four days' growth, one type of asexual spore is 
found to be very abundant m the cultuie These are formed on 
short branches of the aerial hyphae, and the branches appear 
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to be li ansi oi mod mlo closch septate, cylindrical, hyaline 
elements, which tend to bieak up into shoitei elements—one 01 
moie septate (Fig Z) The flee cells appeal, theieloie, to lie 
of the natuie ol “ oulia ” lathei than ol coniclia, and will be 
discussed later 

Anothei type of asexual spoie is soon appaient, namely 
chlamydospoies These may occur solitaiy 01 m chains and 
are burned in both mteicalaiy and teimmal positions m the 
hyphac (Fig 3) \t hist these bodies aie hyaline and appeal 
as swollen cells, which are moic closely septate than the oidmaiy 
cells of the hyphac, and they contain abundant oil globules, as 
shown by the led coloui with Sudan 1T1 As they matuie, they 
mciease m si7e, become daik brown m coloui, and a thick 
wall is developed They aie appioximately sphencal m shape, 
and have a lange m diameter of 6-18/x 



Fig 2 Spoies of oicha type, foimecl on aenal liyphae 
X 260 (a) aenal blanch showing eaily stage in 

spoie formation, (b) fiee spoies Fig 3 , Lhlamydo- 
spoies fmined 111 an mtercalaiy or terminal position 
in the hyphae X 260 (a) dilamydospore, (b) 

hyphac, (c) oil globules 

Aftei about five 01 six clays at 19°C., the mycelium shows 
the first indications of sexual reproductive stuictuies 111 the loan 
of penllieemm initials, and lipe penthecia ate visible m tluee 
to four-weeks-old cultuies The ft mting-bodies are developed 
supetfieially on the medium, and may be solitaiy or two 01 tluee 
massed together They aie spheiical in shape, with a range 
in diameter of 50-150/^ and arc dark colouied when matine 
No osliole is developed, hut the fiuiting-body dehisces by an 
nregular splitting of the wall 

Tf the penthecia are crushed befoie they are epute ripe, color¬ 
less asci containing eight ascospores aie apparent The asci 
are sub-sphcncal and very delicate, and as they appear to ruptme 
when the spoies arc ripe, one rarely sees asci on ciushmg the 
mature pentheemm 
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The ascospoies are spherical, smooth and hyanne, with a 
diametei of ^-4 5 /a They aie often seen massed together, when 
their shape is slightly modified, and they tend to be hexagonal m 
outline 

2 Oatmeal Ay a) 

The lungus causes a colour change m the medium smiilai to 
that noted on malt agai, and little aenal growth ocems The 
microscopic chaiacteis of the lungus also agiee with those already 
noted but the peiithecia appeal to matuie somewhat moie quickly 

3 Mam e-meal Agar 

Growth is not as vigorous as on the pievious media At the 
end of thiee weeks oidia and chlamydospmes weie abundant m 
the cultuie, but peiithecia weie few and nnmatuie Latei on, 
these fi luting-bodies were more abundant, hut not as plentiful 
as on malt or oatmeal agar 

4 Den's Acjar 

Very little m}cchal development is found, and no coloiu 
change is brought about by the fungus Neither asexual not 
sexual spores develop m this case 

5 Prune Juice 

Giowth is very spaise, and although a fine white mycelium 
develops, it does not form a dense mat as in turnip juice Oidia 
and chlamydospoies develop to a very limited extent Peiithecia 
are occasionally found and are easily visible as daik caihonaceous 
obiects m the white mycelium 

6 Turnip Juice . 

After a few days, a dense mat of hyphae is fturned below the 
surface Oidia aie found but aie not as abundant as on pievious 
media Chlamydospoies weie noted after some days, Pcnthena 
do not seem to develop consistently m this medium, as in some 
cases only veiy few aie developed, while m othei instances, they 
aie numerous 


III. Comparison with Related Foi'ms. 

From a study of the chaiacteis of the fungus, particuhuly 
fiom the natuie of the penthecium with its asci and ascospoies, 
it seems to be most closely allied to Mycoqala, a genus of the 
Euroliaceae It differs largely, howevei, m its chai actei istics 
and habitat, from the species previously described It is in¬ 
teresting to note that no othei species of Mycogala has yet been 
recorded on Eucalyptus 
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The mam chaiacteis of the known species of Mycogala aie 
< 41 veil m (lie following table — 


Sl'UfH'H 

Pmiithi nr a. 

Ahuohpokhs 

Habitat and Ldoabity. 


lM.unetoi 



M poneUnum 

(»St lnad ) Scum 

-- 

Globose, TOllgll, 
10-12/4 dui- 
niotoi 

Decaying wood m 

But am, Geimany, 

Lipland, Italy 

M minimum (Id ) 
Karst 

1 mm 

i 10-12/4 dia- 

inotei 

— 

M. fa mum Kaist 
18% 

0 d mm 

3-4/4 diameter 

I Leaves of living Palms, 
Leningrad, Russia 

M in'iHfnp Pat 1900 

2 -0 mm 

Rough, (i/4 

dumetei 

Dead trunks of lMniella 
(Loguminosae) West 
Af i ic a 

AI qmulaUipcuw Pat 
1902 

4 (i min 

Ovoid oi sub- 
globose 

0-7 v i ftp 

Associated with 

L ip <H]ti l a ft pideudn 

on decaying wood 

M wanoupoui »Imtp 
1910 

1) r> -1 mm 

18-25/4 dia¬ 

meter 

— 

i)l mu,s<iola .Jaap 
11)12 

— — 

7 ~Sp diameter 

Lmght/i, (b*i many 

(daap ) 

J\I Jim oh 1912 

200-300/* 

8-10 x ftp dia¬ 
meter 

Hamburg (Jaap) 

Dessau (StauU) 

M i}( o{falu Imrn 

Huiahjplti', 

_ _ 

filMfiO/i 

2-4 ftp dia¬ 

meter 

ftuf (tlifplu s mat tfinata 

Melbourne, Australia 

_ 

„ 

_ 

- - 


'This table shows that Mycogala firmum is the only species 
dppioxmutmg to the fungus m question, and it is with this 
foim that a Uulher compaiison becomes necessaiy 

The si/e o! the ascospoies is appioxunately similar in both 
eases, but theie is a wulei variation m the Austiahan foim, 
and the spoies of the lattei aie hyaline, while those of Mycogala 
jn mum ate pale yellow. In addition the host and s ire of pen- 
theeia aie dilfeieut m the two fonas These points aie con- 
sideied sullicient to sepal ate it fiom Mycogala Jinnum, and the 
name Mycogala marginal a is proposed foi it. 

The asexual spoies home on the aenal blanches of Mycogala 
7 naujinala may be compared with the so-called “ cndo-comdia ” 
of TInclavia basic ala Zopf According to Bnerley (3), the 
comdia of TInclavia basicola Zopf aie cndospoies not formed 
by fiee cell division within an cndo-comdial cell, but are “ acro- 
genouslv abjomted fiom the comdiophorc ” The hist conidium 
is hbeiated by the difleientiation of its walls, into an mnei wall 
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and a sheath, and by the liiptuie ol the latlei at its apex I lie 
latei comdia gimv out thiough the bheath ol the first, and ait* a*t 
fiee by the splitting ot then basal walls The toimation of 
the transveise walls is biought about by the ingrowth oL a ting 
of cell-wall substance, which finally closes m the centie 

In Mycogala matginala, the method of spoio-ioimattou 
appeals to be diffeient It was not possible m any instance to 
detect the sheath thiough which the conicha push then way 
out to the exterior—a feaiuie which is leadily obseived in 
Tlnelavia basicola The blanches, however, seem themselves to 
break up into shoitei elements—one 01 more septate—so these 
free cells appear to be of the nature of “oidia” rather than 
of comdia 

Tlnelavia basicola Zopf is a well-known paiasite chiefly on 
tobacco, violet, and many Legummosae It was mvanably placed 
m the Ascomycetes on the assumption that the chlamydospoies, 
“endo-comdia,” and perithecia belonged to the same fungus 
McCormick (20) m 1924, obtained the peiithecia m culture, and 
proved conclusively that all three spore stages belonged to the 
same form —Tlnelavia basic ola Zopf, 

It is interesting to note that Mycogala marg mat a also has 
three types Of spores—chlamydospoies, oidia—superficially re¬ 
sembling the endo-conidia of Tlnelavia basicola Zopf—and 
ascospores 

IV. Development of the Perithecium. 

The ascospores geimmate within twenty-four houis when 
incubated at 19°C and soon produce abundant mycelium After 
thiee or four days, the first signs of sexual leproduclivc organs 
are visible The peuthecium initial is a coiled septate hypha, 
the degree of coiling varying widely (Fig 4) 




Fig 4 Young ascogomal coils, i cpresentmg initial stages m 
development of peiithecia Fig 5 Ascogomal coil, showing fiee 
tip Fig 6 Young ascogomal coils Note two hyphac inter¬ 
twining X 560 

Sometimes the coiling occurs at the apex of the filament (Fig 
4), while 111 some cases, it is found near the middle 01 base of 
the hypha, and the distal end may remain free (Fig 5) When 
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the distal cud oi the hypha is fiee, dichotomous blanching 
fiecpientU ocuns (lug 8c), a feal-mc also recoidcd m some 
mcmbcis ol the Ascobolaceae, whete it has been eompaied to 
the blanching tuchogyue of Laihnea crctca (12) Ln Lathnca 
crclca , howevei, this teimmal portion oi the aichicaip is con¬ 
stantly found proti tiding fiom the othei coils, and it is so 
distinct as to be lcgaided moiphologically as a tuchogyue, and 
it is even suggested that the contents of the trichogyne may 
disci huge themselves mto the cential part of the arclucaip, and 
thus a foitn of pscuclo-pogamy may replace fcitilization In 
My cogala marguiata, this free terminal poition is not such a 
constant featuic In Lathnca crctca , the teinnnal pait consists 
of about eight oi nine cells, but the cross-walls become bioken 
down, so that a free passage occms from cell to cell 



Septa have not been observed m the free poition of the 
aiclncaip of Mycogala mmjinata An anthendium is not 
developed, but hyphae glow out lateially fiom the stalk region 
of the ascogomttm, and these often have the appealance of 
anthendial branches (Figs. 7 b, d,e, 8e) Similai branching has 
been recoidcd by G Wynne-Vaughan and Williamson (16) m some 
membeis of the Ascobolaceae, and is regaidcd by them as con¬ 
tributing to the foimation of the sheath. 

Another Ccatme showed by some membeis of the Avscobolaccae, 
cg„ Sac cabalas depauperatin' (16), is the fact that two coils are 
often found togethci (Fig, 6), suggesting that more than one 
may be concerned in the foimation of an ascocaip 

Gwynnc-Vaughan in discussing the Ascobolaceae desenbes the 
cells of the aichicarp as being multi-nucleate Fraser (12) 
describes the arclucaip of Lachnca crctca as a multi-nucleate 
structmc, and there is no evidence cithci when the ascogeuous 
hyphae ate first formed, or, at a later stage, of an airangement 
m regular pahs. In Mycogala marqinata the segments of the 
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ascogomal coil aie at first multi-nucleate, but later uninucleate 
segments are found (Fig 8)* In many cases, binucleate segments 
are observed, and these would represent a stage be foie the 
uninucleate condition is reached 



Fig 8 Ascogomal coils in varying stages of development In 
Figs A and B, note multi-nucleate segment at tip of coil, and 
nuclei showing a tendency to associate in pairs In Figs B and E, 
note bi-nucleate and uninucleate segments Figs C and D show 
branching at tip of coil, and Fig E shows a blanch at base of coil. 

Fig A X 200, Figs B, C, D, E X 480 

As previously mentioned, the foimation of the sheath is 
hi ought about by lateral branches given oil irom the stalk, but 
it is likely that the surrounding hyphae also contilbute to its 
formation, as blanches from the mycelium have been obseivcd 
to pass up into the fruitmg-body The onginal ascogonium is 
visible m the young ascocarp, when cut m section, as laigc 
usually uninucleate segments only family stained and sometimes 
branched (Figs 9, 10) 



Fig 9 Section of very young ascocaip X 420 (a) original ascogomal 

coil, (b) ascogenous hyphae, deeply stained, (c) “nurse hyphae” Fig xo 
Section of ascocarp, at a slightly later stage X 420. (a) segments of 
original ascogomal coil, (b) ascogenous liyphae, deeply stained—note re¬ 
curved branches at b 1 (c) “ nurse hyphae ” 
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Fiom the ascogomum, ascogenous hyphae arise and aie visible 
as a mass of deeply stained hyphae, situated geneially at about 
the centie of the aseocaip These hyphae are very mcgular m 
fouu and the blanches aie lathei shoit In many cases they 
aie slum ply lecurved, lesemblmg the nooks of a ci osier system 
(lugs 10, 11, 13). Asa arise irom the ascogenous hyphae and 
appeal to come hum the penultimate cell of a ci osier (Fig 13), 
thus resembling ThieJavia ierruola (11) It was not possible 
to obseive the nueleai detail of the ascogenous hyphae 

In the young aseocaip, one (intis also a system of fine hyplue 
much branched and mteitwined, nuclei aie visible m these 
hyphae, but septa cannot be distinguished They develop from 
the ascogenous hyphae and often seem to come from the cells 



Fig it Section of young penlheciiun, showing beginning of ascus for¬ 
mation X 485. (a) segments ol onginal coil, (b ) ascogenous hyphae, 

(c) “muse hyphae/' (<1) asci 

Fig. 12 , Section of matinc perithccmm, showing cavity filled with spores. 
X 300 w—pentheemm wall, e—ascospmes. 

Fig i v (a) Ascogenous hyphae, showing leemvcd tips, (b), (c) te¬ 
em ved branches of ascogenous hyphae, showing asci ausing from penulti¬ 
mate cell ol uosiei X .{85. 

of Ihc ascogonial coil itself. They appear to coirespond to 
Bie fold's digestive hyphae, although Dodge has shown that this 
is not then sole function, and he states that the hue hyphae 
ptobably take no greatei part in the digestion of the stiomatic 
tissue than do the other elements occupying the cavity ” Dodge 
found that these asci themselves frequently bear asci directly, 
and it was noted m one or two cases m Myeogala margmata 

As the aseocaip matmes, the contents of the interior ebs- 
oiganize and eventually the centre of the cavity is occupied by 
the rlai ldy-stamecl mavss of ascogenous hyphae, accompanied by 
the finer hyphae In a ripe pcrithccmm, the entnc cavity is 
filled with ascospoies (Fig. 12) 

14051 —10 
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It is interesting to note the simikurty that exists between 
Pcntcilhum Brefcldtanum and Mycogala margmata m the natme 
of the hypliae occupying the central region of the young ascocarp 
In the latter, asci arise from a crosier system, but m Pemcilhum 
Brefeldianitm Dodge (7) states that the asci aiise as { shoit-side 
or terminal swellings from the thick primary ascogeuous hyphae, 
and are formed m the same position as a branch M ; and lie 
believes that the formation of a crosier system may not be an 
impossibility m this case 

A striking resemblance also occurs between the young coils 
of Mycogala margmata and those of some members of the 
Ascobolaceae, which is lather suipnsing between such widely 
separated members of the Ascomycetes Similarities also occur 
m the method of formation of the sheath m our species and in 
the Ascobolaceae 


V. Discussion. 

The genus Mycogala is grouped in the family Aspergillaceae 
of the Plectascales on account of the nature of its sexual 
apparatus Gaumann Dodge has traced out the development of 
the perithecium in the Aspergillaceae, and has classified the 
various members into five groups •— 

(1) Pemcilhum “ crustaceum” Group , and occasionally also m 

Aspergillus mdulans 

Two equal copulation blanches aie formed which coil around 
one another helically, come into communication, and the contents 
of one migrate into the other, after which the copulation 
branches are surrounded by a dense hyphal knot Thus here, 
there is no distinction between the antheridium and ascogonium, 
a feature also found in the lowest family of the Plectascales— 
Gymnoascaceae 

(2) Pemallmm vermiculatum Group. 

This includes as yet only one species, This group differs, 
from the previous one in the fact that both copulation branches 
are differentiated morphologically into antheridium and 
ascogonium, but the antheridium does not appear until a long 
time after the. formation of the ascogonium, after the latter 
has become uninucleate Although the antheridium comes into 
communication with the ascogonium, according to Dangeard’s 
observation, its single nucleus is functionless The ascogonium 
divides into numerous him cleate cells, each of which may develop 
ascogenous hyphae 

(3) Aspergillus tyerbariorum-ropens Group 

There is developed a coiled, one or more septate ascogonium, 
The cefls are multi-nucleate, the terminal one usually the longest 
Before or after septation of the ascogonium, the antheridium 



New Spates oj My coy ala 


361 


arises and climbs along the ascogonial helix from either a 
diffelent hypha, 01 a coil—usually the basal one of the 
ascogonium The anthendiuin appeals to be functionless, as it 
often does not glow to its full length, 01 may be entirely absent 
In all cases, with 01 without antheiidium, the ascogonium 
develops paithenogenetically, and divides into bmucleate cells, 
some of which grown into ascogenous lxyphac 

Thus heie we get functional degeneration of the antheiidium 
which forms often when the ascogonium has leached the stage 
when fertilization would occur 

(4) Aspergillus flavusj 'A fmnigatus, and A Fischen 

A coiled ascogonium is developed which divides into bmucleate 
cells and develops ascogenous hyphae m the usual way, without 
any foimation of an anthendium 

(5) Pcnicilkopsis clavariacformis * 

The foimation of the fructification is no longer mtrdduced 
by the formation of an ascogonium, Conidiophoric coiemia 
radiate laterally or terminally without apparent reason, and 
change into pcrithecia m a still unknown manner. 

Thus in these five groups, according to Gaumann Dodge, 
there is a gradual degeneration of sexuality, because of the 
retardation in the formation of the antheridium 

Mycogala margmata falls into the fourth group of this series, 
since an antheiidium is not developed, but the ascogonium pro¬ 
duce ascogenous hyphae from which asci are developed. A 
striking resemblance to Thielavm has already been noted both m 
the sexual appaiatus, the development of the perithecium, which 
is of the same type as in Tluclavia terncola , and also itt the 
well-developed comdial apparatus 

Although Mycogala is a member of the Plectomycetes, it is 
mtciesting to note the resemblances found between this genus 
and some of the higher Discomycetous forms—namely, the 
Ascoholaceae—indicating that m spite of the different nature 
of the fructifications, the sexual apparatus is very similar in 
these widely separated groups, 


VI. Latin Description. 

Mycogala margmata —Perithecia solitaria, vel bina, vel terna, 
in superficie sit a, atro-rufa aut nigra quando matura sunt, non 
ostiolata, scissuris irregularibus. dehiscentia; diametro a 50 ad 
150,u„ Asci subsphaerici, hyalini, tenerrimi, sporas octonas con- 
tmentes. Ascosporae sphaeiicae, lends, hyalinae, diametio a 2 
ad 4 5^, saepe conglomeratae 
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Duo typi spoiaium sine sexu — 

(a) Hyphae praebent chlamydosporas aut solilanas aut 

catenatas, atrorufas, parielibus crassis, situ aut 
mtercalano aut teimmali, fotma prope sphaenca, 
diametro a 6 ad 8^ 

( b) Rami aem producunt elementa spissc saeptata, cyhu- 

dnea, hyalina, quae m elementa minora separantur, 
quotum unum aut plura saeptata sunt Hacc natuiam 
oidiorum liabere videntur. 

VII. Summary. 

1 A new species of My cogala was obtained from Jairah 
{Eucalyptus marginata) timber, and is described as My cogala 
margmata 

2 The fungus was grown on various culture media, and the 
cultural characteristics are outlined 

3 There are two types of asexual spores — 

(a) Chlamydospores, occumng either singly or in chains, 
may be formed in either a teunmal or intercalaiy 
position m the hyphae They are approximately 
spherical m shape, 6-18^ diameter, and dark brown 
m colour with a thick wall when mature 

'(b) Spores of the nature of “ oidia ” are foimed by the 
transformation of aerial branches into cylmdiical, 
hyaline elements, which again break up into smaller 
segments one or more septate 

4 Comparison is made between these oidia and the so-called 
endo-conidia of Thielavia basicola Zopf, and the method of 
formation of the spores m the two cases is found to be different 

5 The perithecium initial is a coiled septate ascogonium, com¬ 
posed of segments at first multi-nucleate, but later becoming 
uninucleate. An antheridium is not developed 

6 The wall of the penthecium is formed from lateral 
branches arising from the basal port of the ascogonium. The 
surrounding hyphae are also considered to contribute towards 
the formation of the sheath 

7 The young ascocarp contains three kinds of hyphae;— 

(a) Large, faintly staining hyphae, composed of uni¬ 

nucleate cells, which represent the ascogonial coil, 
and disappear as the ascocarp matures 

(b) Darkly-stained ascogenous hyphae, which arise, from 

the ascogonium and branch irregularly, the 
branches being short and often lecurved at Hie 
tips 
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(0 Finei hyphae much branched, which correspond to 
the digestive hyphae of Biefeld, and arise from 
the ascogenous hyphae and also from the 
ascogomum itself Occasionally they have been 
found to bear asci directly 

8 Asci arise fiom the ascogenous hyphae, and appear to come 
from the penultimate cell of a crosier, thus lesembhng Thtelavta 
terricola (11). Ripe asci contain eight spores. 

9 A mature fruiting body contains only ascospores, freed by 
rupture of the walls of the asci 
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Art XX.'— A Powdery Mildew of Boroma megastigma Nees 
Jiy KATHLEEN- M CROOKS, M Sc 
(With Plate XIII ) 

[Read 8th November, 1934, issued separately, 8th May, 1935] 

Introduction. 

In Scptembei and October, 1933, Boroma giown at Healesville 
was found to be diseased On investigation, it was found that 
the disease symptoms were caused by a species of Oidium 

Tn the family Rutaceae, to which Boroma belongs, there are 
a few members which are attacked by species of Oidium, 
namely *— 

(1) Rata Baxbaumi attacked by Oidium Haplophylh 

(2) Citrus spec attacked by Oidium fasciculatum 

(3) Citrus Auranlvnm attacked by Oidium Citn Aurantii 
and Oidium fasciculatum 

(4) Citrus hmonum attacked by Oidium fasciculatum, 

Thiee other fungi have been recorded on Boronia spp , but, 
up to date, the forms descubed do not include any species of 
Oidium, It is proposed to give the fungus in question the 
specific name Oidium Boromae, n sp 

Symptoms. 

A noticeable featuie of the disease was that the symptoms 
were confined to the petals only, while the stem and leaves 
appeared to lie quite nottnal. The outer surface of the petals, 
which ill the healthy plant is black, was found to be covered 
with a white felt of mycelium and was rather wrinkled and dry 
—of. smooth surface of petals of healthy floweis—giving to 
the whole plant a witheiecl appearance 

Description of Oidium Boroniae, n.sp. 

The mycelium forms a white, dense network on the surface 
of the petals, and from the vegetative mycelium, aerial branches 
arise. At the apices of the fertile branches, oicha are constricted 
The oidia are usually ovoid in shape, with an average size of 
28 (x X 13/a and a range of 19-38 /a X 11-18/a The fertile 
liyphae are unbranched and from 6^-9 /a in diameter. 
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OlDIUM BORON1AE, 11 Sp 

Mycelium vegetale album, ex hypis raniOvSis foimatum 
Hyphae ferities eteclae, sine ramis, diametio a 6 5 acl 9 
Comdia pleiunique ovalia, mensuia a 19 acl 38 x 11 acl 18 /a* 
mensuia media 28 x 13/x 



Oidium Boromac —Fmmation of Oiclia—(a) Onha 
X 625 (b) Aerial hypha bearing oicha (c) Vegeta¬ 

tive hyphae X 625 (cl) Epideimis of petals 


Discussion. 

In the case of the othei membeis of Rutaceac, which ate 
attacked by species of Oidium, the leaves or fruit weic affected, 
while m the case under discussion, the attack was confined to 
the petals. 

Comparing Oidium Boromac, msp,, with these other species,, 
it is noted that Oidium Ilaplophylli has veiy elongated spmes 
(60 X 13/a), Oidium fasiiculalum has ovoid oi globose oulia, 
while in Oidium Ciln Aurantii , they may be globose (12/a 
diameter), ovoid (12-13/a X 9-9]/a) , or cyhndiical (14] X 
7fx) 

Since these oidia do not correspond with those of the fungus 
on Boroma, m the absence of a perfect stage, this form may be 
described as a new species— Oidium Boromac 
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Art. XNT —sin Account of Sclcrotc-fonmnq Fungi causing 
Diseases in MaUlnola , Primula , and Delphinium 
wi Victoria 

By ILTVTA G BALFE. M Sc. 

(Government Reseat eh Scholar) 

[Read Nth November, 1934 , issued separately, 8th May, 1935 J 

T RIIIZOCTONIA SOLAN! ON MATTHIOLA 
SEEDLINGS 

Introduction. 

Duggar (4) and Peltier (9) reviewed the early literature con¬ 
cerning diseases caused by Rhizoctonm , and the foimei made an 
extensive study of the genus, the outcome of which was the 
reduction of a huge number of .species to be included under 
eithei Rhizodoma solani Kuhn (Corluium vac/itm B and C) 
or R croc arum ( Pors ) DC Tie also listed the synonyms of 
the two species. Different types of growth may occur on the 
same media even when the isolations aie made from the same 
host Thus macroscopic differences exist m cultuie, but micros¬ 
copic differences are so slight as not to wan ant the formation 
oT new species 

Since 1915 sevenal othei species of paiasitic Rbizoctomas have 
been desciibed T Malz (5) lepmtecl several from Porto Rico 
These aie R alba , R dnnorpha, R ferrugmea , R qnsca, 
R. mac rose leroiia, R welongcna , R microsclerotia, and R pallida 
K S Thomas (13) came to the conclusion that R microsclerotia 
was synonymous with 7? solani , and Briton-Tones (2) considered 
that the variations in different strains of Rlusoctonia solani and 
also in a single strain on diffeient media were no greater than 
the differ dices between the species oT Rhmoctoma cicated by 
Mats? f5T. As noted by Bunm (1), m strains belonging to the 
species R. solani it is especially difficult to distinguish what we 
have to take as species, because in most cases they are sterile 
mveoHa Their classification is really more or less based on 
their vegetative giowlh, and it is possible that on the discovery 
of the pel feet stage, closeV i dated forms may be given far 
dislant positions in the system The disputed ciuestinn as to 
whether wc have to do with different soecies or only races there¬ 
fore scorns useless as long as the perfect fruiting stage is not 
obtained 

Recently a trinomial system of nomenclature in which the host 
name is indicated eg., R solani Kuhn Brassicae II, has been 
suggested by K S Thomas (13) 
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Records of Rhizoctonia solani in Australia. 

In Victona R .sokvn was lust descnbed on potato m 1903, 
and on turnips m 1911 In 1911 McAlpme (6) icpoited the 
fungus as oceuumg on potato in all the States of Auslialia. 
In an unpublished census of Austialian fungi compiled by Mr, 
C C Bnttlebank, foimeily Biologist to the Department of 
Agricultute, Victona, there are lecords of R solani oeciirring 
'On various hosts m Victoria Among these are two (Vueifeious 
hosts, Wallflower and Cabbage In Western Austtaha W. M, 
Carne (3) lecoicls foot tot of Lalhynus odoratus due lo Corhctum 
vagiim, also Rhizoctonia scab of potato In South Australia 
Samuel and Garrett (12) record the attack of cereals m the 
Mallee district by R solani. 

Rhizoctonia solani from Matthiola incana in 
Victoria. 

Stock seedlings in the seedling beds of the Foolscray Gardens 
showed “ damping off” symptoms m 1932 and 1933. The 
diseased plants appeared m patches which gradually spread out 
to larger circles The young stock seeds germinated quite nor¬ 
mally at fust and showed no pathological symptoms until the 
first pair of true leaves were produced At this .stage “ damping 
off ” occuired as the pathogen caused a collar rot, and the 
plants collapsed and died 

In some cases, usually m older and stronger plants, lesions 
were formed higher up on the stem but below the cotyledons. 
Microscopic examination showed the presence of numerous thin 
brown distributive hyphae m the lower stem and upper root 
regions of the diseased stocks, occurring as a web on the outside 
of the host tissue Sections indicated that the fungus grew first 
in the cortical tissue of the stem near the ground and killed the 
cells as it proceeded The cortical tissue was invaded and de¬ 
stroyed by the hyphae, the vascular strand remaining free from 
the fungus. Iiyphae were not found extending into the roots 
The weakening of the stem finally caused collapse, and when 
the soil was kept very moist the fungus formed a mat over the 
surface of the ground and covered the whole seedling. Lesions 
were brown m colour and in section were seen to be pocket-like 
cavities in the cortex, containing a compact mass of hyphae 
approximating to the density of a sclerote 

Malt agar plates were inoculated with portions of diseased 
tissue and R solani was repeatedly isolated R solani has been 
recorded by Peltier (9) as causing “ damping off ” of green¬ 
house seedlings of Mattlnola incana in Illinois in 1914 

Eight stock seedlings were grown in sterilized soil until the 
first pair of true leaves appeared The fungus grown on agar 
was then introduced into the soil After a few days “ damping 
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off ” .symptoms were noticeable and. 1 e-isolation of the fungus 
from diseased tissue was possible Some weeks later fresh seed¬ 
lings were transplanted to these same pots and showed disease 
symptoms m a few days 

^ Many seeds weie also planted in soil obtained from the 
Footscray Garden seedling beds The young plants were quite 
healthy until the first tiue leaves appealed, when many began 
to show “ damping off symptoms The stronger plants all 
showed brown lesions on the lower stem region 

The discovery by Rolfs (11) of the perfect sporing stage 
shows that 7? solam is a Basidiomycete, but what position the 
fungus occupies within this group is still a disputed question. 
The form found by Rolfs agreed with the fruiting layei of 
Corticmm vagnm B. and C , but owing to the appearance of the 
sporing mass and the parasitic life habit, he held it advisable 
to make it a variety of this fungus —Corticmm vagum vai solani 
Rolfs further estimated that it approached Hypochnus solani 
P and T) and may prove to be identical with it The Corticmm 
stage, though common in nature, seems strictly parasitic, and has 
never been produced in artificial culture except perhaps by K 
O. Muller (8) 

The strain isolated from stock seedlings, and three others 
which will be refeired to later, were subjected to the methods 
used by him to produce the basidial stage, but without success 


Comparison of Four Strains of Rhizoctonia solani K. 

A culture of the strain parasitic on cereals in South Austiaha 
was obtained, so that it was possible for a comparison to be 
made between that form and the strain isolated from Matthiola 
in Victoria Two cultures were also obtained fiom Baarn, 
Holland; Rhtzoctoma solani Kuhn from Solanmn tuberosum 
sent to Baarn by Porte, and R solani Kuhn Brasstcae II sent by 
K, S Thomas 

The four strains were grown in triplicate on malt agar plates 
at various temperatures, The depth of the agar in the plates 
was equal, and care was taken to try to obtain similar sizes m 
the amount of inoculum used in each case The cultures used 
were all of the same age and had been grown under the same 
conditions For the sake of convenience the four stiams will 
be referred to as follows,— 

R1 Fiom cereal, South Australia. 

R2 R. solam Kuhn, Holland, 

R3 .. R . solani Kuhn Brassicae II, Holland. 

Sll -- From Matthiola incana , Victoria 
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The experiments were conducted at 19°C, 22-26°C* 5 

26-28°C*, 3032°C, and increases m the radii of the colonies 
were measured daily. 

The figuies m Table I represent the area (m sq cm.) covered 
by three days’ growth The first clay’s growth was not used 
because m all cases the fungus was slow m starting to grow. 

Table I —Area of Growth of the Four Strains in 


Square cm. 


— 

10*0 

28°0 ~25 0 C 

26 c, c~2fi 0 c' 

80*5°O 

Sll 

i 

33 0 

30 2 

10 4 

1 2 

Rl 

11*9 

12 6 

17 1 

2 0 

R2 

22 4 

28 3 

34 2 

30 2 

R3 

13 3 

8 0 

5 0 

0 14 


The relation of temperature to increase m radius of the 
culture is represented graphically m Figs 1-4. The optimum 
giowth of Sll and R3 occuis at about 19°C, and that of R1 
and R2 at 26-28°C The growth of R3 at 30 5°-32°C practi¬ 
cally ceased 

From these results it appeals that the isolations of 7? solam 
from Cruciferous hosts have a lowei optimum temperature than 
those from cereals and potato At all tempciatures tried the 
strain from potato had a greater growth late than that from 
cereals This is contrary to the results recorded by Montcith 
and Dahl (7), who dealt with strains from grasses and potato 

Variations in the Growth Characters of the Forms 

Studied. 

Sll —A thick fluffy aenal mycelium with distinct concentric 
zonations was formed At all temperatures tried except 30~32°C 
a compact ring of sclerotes developed towards the outside of the 
plate, and sometimes an inner circle. The agar was discoloured 
to yellow ochre (Ridgway (10) ) below the sclerotes. Scattered 
sclerotes also occurred mostly towards the centre, and these 
turned Sudan brown and stained the agar beneath them 

Rl —The aerial mycelium was not as dense as m Sll but 
concentric zonations were very distinct Scattered sclerotes were 

* These experiments weie conducted m an incubating room where the tempeiatuic was 
not absolutely constant The temperature recorded each morning has been indicated mi 
the graphs. 
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f 01 mod, and a [lei three weeks the agai showed a Sudan bi own 
discolouiation with graduations to palei shades, giving a zoned 
‘effect 

R2 ~The aerial mycelium was thick and Huffy but with no 
distinct concentric zonations At 26-28°C and 30~32°C 
mtmeious scattered scleioles were formed, but not at lowei 
temporalities The agar later showed a yellow ochre dis- 
colomation. 



K3 —The aerial mycelium differs m being more compact and 
is mostly short and appressed to the surface of the medium 
Concentric zonation is absent and the agar becomes discolouied 
a umfoim sudan brown Sclerotes were not formed at any 
temperature tiled, and in this respect it differs maikedly from 


m 
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the other three strains This distinct macroscopic appearance is 
coupled*'with a difference m the width of the hyphae, which is 
2/jl less in R3 than m the other strains (Table II ) 

Table II 


Stialn. 

Average width of Hyphao 
on Malt* Agar, 

Sll 

9*3 a 

R1 

9 0 

R2 

9 2 

R3 

7 3 


Summary. 

Although R. solani is an extremely widespread paiasite, pub¬ 
lished accounts of its occurrence m Victoria are restricted to 
records on potato and turnip (McAlpine (6)). 

The fungus flourishes with excess of moisture and has proved 
troublesome by causing “ damping off ” of Matthiola seedlings 
in the seedling beds at the Footscray Gardens. 

Comparisons are made between the strain isolated from stocks 
with the cereal form from South Australia and R solam Kuhn 
and R solani Kuhn Brassicae II from Holland Growth rates 
at different tempeiatures are represented graphically 
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II. SCLEROTINLA MINOR ON PRIMULA, 

Introduction. 

4 SUcroiima minor Jagg, a lungus similar to Sdeiutinia libci- 
liana Fuckcl but with smallci sclerotes, was fust sepaiated Iiom 
the lattci as a distinct species by Jagger (3) in 1920 

The fungus was isolated by him from lettuce m Amenca, 
but has since been found on other hosts and m other localities, 
although not recoided for Austialia 

Sclerotina minor from Primula in Victoria. 

Primula plants m the Footscray Gardens, Victoria, were 
attacked in the collar region and soon collapsed and died Small 
black sclerotes were found to be piesent at the bases of diseased 
plants and the pathogen was isolated and brought into pure 
cultuie on malt agar 

The appearance of the fungus m culture conforms with the 
description of S minor given by Jagger (3) In the eaily stages 
of growth, abundant Roman gtcen (Ridgway (6) ) appressona 
are formed where the mycelium comes into contact with the 



tiff, 5. Roman stecn apmessom of 9 irtmoi (X sou) (a) Palisade 
arrangement of outet ccum of the hyphae (b) Auastomosi*} between 
hyphae (v) Vacuole (p) Granular protopla&m, From culture on 
malt agai. 

glass, These are very conspicuous and fan-like in appearance. 
Under the micioscope the outer cells show a palisade arrange¬ 
ment (Fig. 5) Appressoria are only rarely seen on oatmeal 
agar, 
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Jagger (3) m his oiigmal description of the species mentions 
the presence of abundant appressona, but does not mention their 
conspicuous gicen colour, wheieas Ramsey m his description 
of Sclcrotmia intermedia, n sp , a foim intermediate m chaiactcrs 
between S liber liana and 6 minor , describes the fungus as 
forming Roman green appiessona when coming m contact with 
foreign bodies. 

The size of the scleiotes vanes, dcci easing with lower tem¬ 
peratures, which is m contrast to Silcrotnua intermedia which 
Ramsey (4) and Chivcrs (1) describe as showing an meiease m 
size of sclerotes with decreasing tempeialures 

The fungus was grown m sterile distilled water and on plain 
agar to induce the formation oE microconidia which were not 
seen on malt nor oatmeal agars After ten clays a few micro¬ 
conidia were produced and after a month they became more 
abundant on plain agar They were similar to those described 
by Jagger (3) for S. minor, being spherical and hyaline, and 
vaiying from 3-4 2^ They were borne apically in series or 
clumps on short obclavatc conichophores (Fig, 6) 



As experiments for the development of apothcaa were being 
'conducted, large numbers of scleiotes were needed, and for this 
purpose the fungus was often grown on oatmeal agai, where 
sclerotial development was most prolific. It was obscived that 
a culture on an oatmeal plate at 19°C showed no development 
of sclerotes even after six weeks, the surface of the medium 
being covered with appressed white powdery patches, which is 
the characteristic appearance of the cuUuies just before sclerotes 
are developed The powdery mycelium was examined nuclei the 
microscope, and seen to bear numerous microconidia varying 
irom 3-4 5^, with an average diameter slightly highei than was 
found m water and on plain agar, which is to be expected on 
a richer medium The inoculum used m this culture was a 
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month-old sclerote taken from oatmeal agar, the pievious 
tiansfer having been fiom malt agar This appearance of abun¬ 
dant microcomdia on oatmeal agar was unusual, as previous to 
this no microcomdia had been observed on the oatmeal and malt 
plates, where only sclerotcs were foimed 

Transfers from this plate were made to malt, oatmeal and 
plain plates and slopes, and kept at 19°C After live days 
chaiactenstic gieen appicssoua and numerous white clumps 
appeared These powdeiy patches of appressed mycelium, in 
contrast to those produced" on cultures where the trailsfeis were 
fiom a colony bearing sclerotes, weie more concentrated around 
the inoculum itself at first, and later spread out from that centre 

These tufts showed few microcomdia after five days, but they 
increased in number and by the tenth day were very numerous, 
while no sclerotes developed even aftei three months. 

Again three months later, a cultuie on an oatmeal slope at 
room tcmpeiature (about 23°C ) was seen to have produced 
no sclerotes The inoculum was again a scleiote from a culture 
which had been on oatmeal agai for a considerable time. In this 
case the mycelium was shmt, light huff m colour and much 
denset m texture. Under the microscope the microcomdia were 
seen to be extremely abundant. 

Several malt and oatmeal slopes were inoculated from this 
tube, and after five days showed cottony aerial mycelium which 
soon disappeared. Green appressona weie present and powdery 
tufts around the inoculum The whole surface of the medium 
was soon densely covered with powdery appressed mycelium 

A soil agar plate was also inoculated, and after seven days 
showed a rather sparse cottony aerial mycelium with no powdery 
white patches but fairly numerous microcomdia around the 
inoculum. After two weeks the aerial mycelium bore numerous 
micioconulia A colony from a sclerotial culture on soil agar 
had a similar macroscopic appearance and the mycelia in both 
cases were the same, but after a week tiny black sclerotes were 
formed and no micioconulia were present 

Ramsey (S) noticed that the formation of microcomdia seemed 
to depend on a poor nutrient supply 'He conducted experiments 
with S. hberiiana and 5 intermedia to dcteimme whether there 
was any tendency to change from the normal No change m 
the number of sclerotes nor in microcomchal production was, 
however, observed. 

Godfrey (2) working with Sclcrotwa nctm found that some¬ 
times a culture produced numerous comdia (Botrytis stage) but 
no sclerotes There was, however, abnormal development of 
sclerotes if transfers from such cultures were put on oatmeal 
agar. 

14051.— 11 
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in die cast oi S derot mm minot saltation evidently occuis on 
ncli media, and some mheient dilteiences m the* sclerotes cause 
some to piocluce mycelium with scleiotes, otheis with micro- 
comtlia only. Transfers loi seveuil geneiations on to vanotis 
media from these microconidial cultures have so far yielded no 
colonies pioducmg scleiotes Many woikets have experimented 
with the inicioconidxa of Sclerotimas and vaiiotts functions have 
been suggested 

Unsuccessful attempts were made to geiinmate the micro- 
conidia of 5" minor m sterile watei and tuinip juice. 

Experiments for Apothecial Production. 

An attempt was made to produce apothecia from the small 
sclerotes of 3". minor The methods employed were those used 
by Ramsey (5) Small porous pots were filled with pure sterile 
sand and placed m halves of petn dishes containing sterile dis¬ 
tilled water Some were placed under bell jafs in strong diffuse 
light, others were covered with circular glass plates 

Sclerotes were also planted m pots containing sterilised garden 
soil Various methods were Used to try and induce gei urination 
Sclerotes of ages varying between twelve months and two weeks 
were used, and planted during different months of the yeai. 
Some were from cultures on malt, others fiom oatmeal agai 
They were planted at different levels in the sand horn the surface 
to as deep as 1 cm 

Some sclerbtes were specially treated before planting They 
were subjected to ‘— 

(1) Ether vapour for vaiiotts periods between a half 

tad two hours. 

(2) Cold, Sclerotes in refrigerator for one week before 

planting 

(3) Water. Sclerotes soaked m sterile distilled water 

for one week 

(4) Drying Sclerotes m desiccator from four days td 

one and a half months. Sclerotes were also 
allowed to remain on dry sand for two and three 
months before watering. This latter method was 
used by Jagger (3) foi developing apothecia from 
sclerotes of S minor 

(5) Heat Sclerotes kept dry at 30°C. for three months 

Results. 

Only two results have so far been obtained from these experi¬ 
ments One of the month-old sclerotes from malt agar which 
was subjected to ether vapour for one hour before putting on 
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the buiiace of sterile sand, germinated, producing a pale 
yellowish, slightly curved, slender cylindrical body about |-m. 
long When examined with a lens it was seen that the suriace 
was not smooth but slightly roughened and had a frosted 
appeal ance. 

The pot had been well wateicd and coveied with a giound 
glass plate The sclerote was planted 111 November, and geimma- 
lion occuned three months later m January, after three days 
of hot weather when the tempeiatuie had been over 100°F 
During the next four weeks this structure was watched closely 
to see if a disc-shaped apothecium would develop The tip, 
which was at first attenuated, broadened a little and seemed to 
indicate that an apothecium was forming There was also a 
slight elongation m length and a deepening of colour, especially 
neai the base As light is necessaiy for the expansion of the 
apothecium, this was increased by replacing the ground glass 
with a bell jar, which also provided a greater humidity. 

Godfiey (2) in his expcnments with gemunatmg sclcioles of 
3" fictm lomuiked cm the necessity for high humidity and a 
warm temperalme for the development of apothecia Ramsey 
(5), however, found that more apothecia were produced between 
January and April, the summer months being unfavorable Gei- 
mmation occurred between 18° and 22°C but not between 22° 
and 30° C. 

In February, four months after planting, a sclerote from a 
similar culture, which had been subjected to the same conditions, 
but in a different pot and with a plain glass cover, germinated, 
producing a short greyish cylindrical body with a lighter-coloured 
tianslucent tip Germination again occurred after a spell of very 
hot weather The glass plate was replaced with a bell jar and 
growth in length was noticeable within a few days 

From these results it seems that a high temperature is necessary 
to induce germination of sclcrotes and as in both cases they hacl 
been subjected for one hour to ether vapour, the lattei may 
have had some stimulatory effect. Both of the sclerotes which 
geminated were relatively large and anastomosing with others. 

Summary. 

(1) Sdcrotinia minor Jagg, is recorded as causing a collar 
lot of Primula malacmdes in Victoria. 

(2) Saltation is found to occur on oatmeal agar so that some¬ 
times a sclerote may produce a colony bearing microcomdia only, 
instead of the usual development of abundant sclerotia, 

Transfers were made from such cultures (and these were again 
transferred for several generations) on to various agars but no 
production of sclerotia followed 

14051*—12 
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(3) Experiments wcie carried out for the production of 
apotliecia, and m two cases sclerotes germinated producing 
horn-like outgrowths Development proceeded to a swollen tip. 
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[II CORTJCIUM CENTRIFUGUM ATTACKING 
DELPHINIUMS 

Introduction* 

Fdcrohuin jolfsn has a wide distubution, occurring m most 
tiopical and sub-tropical countiies and causing the greatest 
damage during the wet seasons The fungus is capable of 
attacking a large number of plants, the usual hosts being 
succulent annuals, although sometimes, under favoiable con¬ 
ditions, it may cause disease m woody perennials Weber (6) 
listed 189 host plants, including two species of Delphinium 
Fajaulo (4) reported a stem and root disease of annual Del¬ 
phiniums due to S rolfsn m the Philippine Islands Birmingham 
(1) leported S rolfm from several hosts m New South Wales 
including a Delphinium plant fiom Goulbuin 

Delphinium plants at Esseudon, Victoria, weie attacked by a 
fungus which caused yellowing and wilting of the leaves and 
finally diymg up and death due to the lotting of root and collar 
regions White mycelium with small biown sclerotia enended 
these parts 

The pathogen was isolated by placing pieces of diseased 
tissue, mycelium and sclerotia on malt agar, and pure cultures 
were obtained 


Description of the Pathogen in Culture. 

On malt agar the fungus glows m a fan-like manner and 
pioduccs a dense fluffy mass of aenal mycelium After about 
four days sclerotes begin to form, tisually at the margin of the 
plate, and gradually extend inwards towaids the inoculum They 
genci ally anse singly m the aerial mycelium and appear first 
as liregular white knots of hyphac (Fig 7c), which soon become 
compact and rounded, and a definite cortical layer develops (Fig. 
8). They arc uniform m sue and almost quite globose The 
colour gradually changes fiom white, thiough light buff, warm 
bulf, cinnamon brown, and finally when old and dry, to clove 
Inown (Rulgway (5)) Liquid is often exuded m droplets 
from the surface of the sclerotes and at first is colourless but 
later ambei-colmticd 

As the sclerotes matui e the aerial mycelium collapses, and the 
sclciotes, which were formerly suspended, are left on the sur¬ 
face of the agar Sclerotes pioduced by the mycelium on oat¬ 
meal, potato dextrose and malt agars show no significant 
differences m sue but are more numeious and massed together 
on oatmeal They vary m size from 0 5 to 2 mm, but are 
usually about 1 2 mm. 
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If an abundance of agar is not piesenl the size and number 
of scleiotes are appieciably less On malt agai the width of the 
septated hyphae vanes fiom 2 to 12 /n (geneially 3 or 7/x), the 
narrower thieads being more ciooked Anastomoses between 
hyphae aie mimeious, and clamp connexions aie piesenl (Fig 7). 



Comparison with two other sclerotiai forms. 

The fungus isolated from Delphiniums m Victoria (D2) was 
compared with Whetzel’s strain of Sclerotium Delphinn (SCI) 
obtained from Centraal-Bureau voor Schimmclcultures, Baarn, 
Holland Comparison was made on malt agar, and micro¬ 
scopically the mycelium was quite similar except that in SCI 
there was sometimes a development of rounded irregular bodies 
occurring m an intercalary position on the hyphae (Fig 9). 

Macroscopic differences were, however, much greater In 
D2 a dense fluffy aerial mycelium was produced The numerous 
small sclerotes (0 5-2 mm average 12 mm.) weie formed 
first near the margin of the plate and gradually spread inwards 
The liquid exuded from the sclerotes was ambey-colpured 
The final colour of the sclerotes was clove brown, and in section 
the outer brownish cortex (up to 50fx wide) was composed of 
compacted hyphae giving a parenchymatous appearance. The 
inner medullary region is composed of short and elongated 
colourless” hyphae with numerous intercellular spaces (Fig. 8), 
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In SCI the aerial mycelium showed a more dendritic type 
of growth but greatest distinction was seen in the size, shape, 
numbei and coloiu of the sclcrotes The sclerotes were fewei 
and huger (1-6 mm aveiage 3 4 mm ) and m contiast to those 



F8 Himl mt TS of poition of i matui i sclernte of Corhcmm 
centnfuflum (X 200) from malt agar. (a) Outei rind' of compact coitex 
Deep brown ni colour, (b) Coiiical tissue composed of false parenchyma 
and light biown in colout (c) Inner lacunai xnedullai> region composed 
of long and short inegular hyphae, 

of D2 were often found coalescing They were irregular m 
shape,, but convex or flattened above, and usually concave on 
the lowei surface, where they were often attenuated into a 
stalk-like region Sclcrotes one week old were a conspicuous 



orange cinnamon colour and the final stage was warn sepia 
At all stages they showed a more reddish tinge than those of 
D2 The colourless liquid was exuded from darker depressed 
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spots Sections oi scleroies showed that the coitex was if 
anything slightly wider hut composed of smaller hyphac, while 
hyphae of the medullary region wetc distinctly wtdei than in 
D2, SCI also showed a development of felted white appiessed 
mycelium aunmd the inoculum 

This compaiison indicates that the fungus isolated from 
Delphiniums m Victoria cannot be considered identical with 
Sclerotnim Dclphimi 

Companson was also made with Wolf’s stiam of Sdcrotnmi 
rolfsn which is known now as Cortwnnn ccntrifugmn (Cl) 
obtained from Baarn, Holland 

Cl on malt agar produced mycelium similar to that of D2 
and the scleroies were numerous and small (0 3-2 mm. 
average 1 mm ) hut more irregular m shape and vatied more 
m size than those of 1)2 Also in contrast to the initial marginal 
formation of scleiotes m the lallei, they formed at first near 
the central inoculum (where masses of scleiotes were often 
found), and giadually spread out to the margin of the plate 
The liquid exuded was colourless, hut the colour changes of 
the developing scleroies was practically the same avS m D2, 
and the final colour again clove brown Sections of scleroies 
weie very similar to those of D2 A felted white appressed 
mycelium was often developed around the inoculum. This was 
not seen in D2 The microscopic appearance of the hyphac of 
D2 and Cl was identical 

D2, SCI and Cl were plated against each other to determine 
whether any antagonising action existed between them. In 
each case there was a distinct line at the junction of the 
two colonies, and it was found that D2 was the fastest and 
SCI the slowest grower If two colonies of one strain were 
started on the same plate there was free intermingling of the 
hyphae 

It was evident that a greater antagonistic action existed be¬ 
tween SCI and D2, and between SCI and Cl, than between 
D2 and Cl, the agar m the two former cases being slightly 
stained along the junction SCI developed numerous scleroies 
along the line of junction, but this was not apparent with Cf 
and D2 On microscopic examination it was found that theie 
was a considerable development of rounded or irregular bodies 
up to 25/x diameter occurring m an inteicalary position on the 
hyphae of SCI near the junction with Cl and D2 (Fig 9) 
It was evident that D2 was much more closely related to Cl 
and the slight differences present could not be considered as 
specific 
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Attempts were made to pioducc the fruiting- stage by growing 
the tluee foims on vanous media (potato dextrose, malt, oat¬ 
meal, soil and plain agars) and on a solution of 1% Witte 
peptone 4" 5% potato starch + 50 cc distilled watci (Ll and 
1)2 formed thick conglomerated masses of sclerotes on the 
latter medium, but it was unsuitable for SCI) at 30°C 3 19°C 
and room temperature No basidia or spores were observed 
although they weie examined constantly 

Discussion. 

Cmzi (2) m Italy compared a scleiotial fungus isolated from 
aster with one from potato Differences were found to exist 
m vegetative characters, the former producing a flocculent 
mycelium while m the latter the mycelium was arranged m 
stiands and numerous stromata were present. The two were 
mutually antagonistic 

Idle aster fungus pioduced a loose aerial hymenium showing 
affinities with Coriuiim cenlnfugum, while the potato fungus 
had a dense ciust-hke hymenium which he consideied was not 
identical with any known Basidiomycete He named it 
Covticmm rolfsn , n comb, as he consideied this latter fungus 
to correspond with that from which Saccardo descnbed 
Sclerotnim rolfsn Wolf’s stiam, which is usually regarded as 
a typical strain of Sclerotium rolfsn, also has a loose hymemal 
stage similar to the aster CorHcium and undoubtedly corres¬ 
ponds with it Since Corticnm centnfugum cannot be regarded 
as the perfect stage of the true 5T rolfsn, it should be considered 
as a distinct species 

The study of vanous isolations of S rolfsn therefore in¬ 
dicates that the name includes more than one species whose 
systematic positions should be determined by attempts to 
discover the perfect stage, or an accurate examination of the 
vegetative organs undci vanous conditions 

Cmzi (3) made tluee distinct groups for the strains examined 
by lum — 

(1) Sclcrotial stage of Corticiuni rolfsn (Sacc ) Curzi, 

(2) Sclerotial stage of Corticium centnfugum («= S centn- 

fugum n comb ) 

(3) Sclerotium Dclphnm Welch 

The perfect stage of the strain isolated from Delphinium was 
not obtained, but the vegetative characters under various 
external conditions showed a close resemblance to Wolf’s 
Corticum centnfugum and Curzi’s description of his aster 
sltain, while the distinctive characters of his potato stiam were 
not present 
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Summary. 

(1) Cortiaum ccninfucjim is recorded as causing a root and 

collar lot of Delphiniums in Vicloiia 

(2) A description of the pathogen m cultlitc is given. 

(3) Comparisons are made between the stiam isolated hum 

Delphinium, Wolf's strain of CorUcimn ccnlnfucjim 
and Whetzd's Sclcrotium Delphimi (Welch) 
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[I’ROC Roy Soc. Victokia 47 (NS), Pt II, 1935] 

Art XXII —"Sooty Mould” of the Tree-Fern Dicksoma 
By EILEEN E FISHER, M Sc 
[Read 8th Novembei, 1934, issued scpaidtely, 8th May, 1935 ] 

The fronds of a Dicksoma plant, growing m a ferneiy at 
Doncaster (approximately 11 miles east-north-east of Mel¬ 
bourne), were found covered by a dense black film, which so far 
as could be revealed by microscopic examination, was due 
entirely to the fungus Teichospora saliema (Mont ) Gau 

The perithecia, present m abundance, are daik, glabrous, 
roughly spherical bodies, of approximately 112/* in diameter 
They contain ascospores which are brown m colour, muriformly 
septated with usually three transverse septa, and characteristically 
constricted m the median legion These fruit-bodies are m every 
way similar to those previously descnbed in connexion with 
“ sooty mould ” of Bursana spmosa (3), although the spores are 
slightly larger, measuring on an average 19 5/* x 9 5/* 

On the fronds examined by me, the imperfect stage of this 
fungus was not found occurring so commonly as the perithecial, 
but some dark, elongated, linear pycnicha, approximately 224/* 
long and averaging 32/* in width, were seen 

The pycnospores, which are very like the ascopores, differ, 
however, in certain points of detail; they are not waisted m 
shape, and also the longitudinal septa are frequently missing 
The average dimensions of these spores may be given as 16.5/z 
x 8 2 fi. Surrounding the pyemdium-mouth a fringe was visible 
in some cases, but otherwise this pycnidial form is identical with 
that already described and illustrated for Teichospora saheina 
constituent in “sooty mould” of Bursana spinosa (3, fig. 4). 

In 1892 Gaillard found Mcliola tortuosa Wint., L infecting 
plants of Dicksoma LTIer. in Brazil (4) and (6). Apparently 
the only other record of a “ sooty fungus ” occurring on any 
of the tree-fern genera was made in 1890 (2) when Astenna 
(Asterella) Alsophtlae Cke and Mass was found growing on 
fronds of Alsophiha rebeccae F. Muell, collected by Mueller in 
north-eastern Queensland, Australia. 

Both of the above mentioned fungi are ectoparasitic forms, 
penetrating the tissues of their host by means of haustoria, and 
it seents that no prior record has been made of a true “ sooty 
mould,” which as clearly defined by Neger (5), is characteristic¬ 
ally epiphytic in nature. 
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Within the limits of the writer's experience “ sooty mould ” 
has never been found attacking tice-fcrns glowing m their 
natural habitat, and its development on tins paiticular specimen 
is possibly due to the uilhet con lined atmospheric conditions of 
the fein-house, which, howevei, it should he noted, was not 
artificially heated in any way. Toichasp ora sahema , which is 
responsible foi the sootied condition m this instance, is a noimal 
constituent of “ sooty moulds ” m temperate climates. On the 
other hand, the observations of Negcr (5) and van Heyma Thoe 
Kmgma (1) show that the “sooty mould” of European hot¬ 
house plants is almost mvaiiably due to the fungus Caldai wmyces 
fumago Wor (. Fumago vagans Pers ), a foim which is adapted 
to high temperature conditions 
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[9roc Roy Soc Victoria 47 (NS), Pr II, 1935 ] 

Art XXJL1— The Gene}a of Catemcelhdae 
By LEO W STACK 

[ Ecvirl 13tb Dccembot, 1934, issued sepaiatcly, Slh May, 1935 J 

Introduction, 

The piepaiatoiy woik on a levision oi the Recent species of 
Catemcelhdae has shown the nccevssity for a suivey of the status 
of the gencnc names which have been used m connexion with 
the gioup The conclusions aruved at are summarized below, 
and a systematic synopsis is appended m which new sub-families 
and geneid aie dcscnbcd 

Discussion of Genera. 

Amsjmum Busk, 1852, 2, p 13 Rusk (1852) placed this 
genus, computing two species, m the Catemcelhdae One 
(J lajonlu) was later transfcired to u Catenaria by Busk 
(1884) and made the type of that genus, m which d’Oibigny 
(1851) had also included the species A. parasitimm became 
the type by elimination of the Anascan genus Alysidium , thus 
removing the genus from the Catcmcelhdae 

Calqporella Macgillivray, 1895, p 18 Synonym of Vittah- 
cella, This genus was erected for vitiate species, no type being 
selected. Preoccupied by Ulrich (1882, Jo urn Cincinnati Soc 
Nat Hut, vol v, p 154) and replaced by Vittaticella Maple- 
stone, 1901 

Calpiditjm Busk, 1852, p, 364 Monotypical genus with 
C, ornatum Busk, 1852 as type 

Carinatocella, gen nov. Erected for the Catemcellmid 
Catonic clla lannata Busk, 1852 Characters as for Pterocclla, 
but the suprascapular compartments ate not calcified 

Catenaiua Authors Levinscn uses this name for vittate 
species, claiming that Saviguy's figure establishes the genus 
(1909, p 213, foot-note), hut this is contrary to the definition of 
‘‘indication ” as applied to genera (Opinion 1, Inter Rules Zook 
Nomen.) Calcnana was regularized by d’Orbigny (1851) and 
included Eitcratca lafonth Audoum, 1826, while E contei was 
placed in Catemcella The name Catenaria is, however, pre¬ 
occupied by Zcder, 1800 and Strand (.Zool Rec , vol lxv,, p 
37) has replaced it with Catenanella, but this name is invalidated 
by Savignyella (Levinsen, 1909) with the same genotype, 
R lafontn ~ Thus Catenaria was removed fiom the Catemcelhdae 
by d'Orbigny and has, as its type, E, lafontn, but Catenaria being 
preoccupied, the next synonym, Savignyella , replaces it Catenaria 
Levinsen is a synonym of Vittaticella 



390 


Leo IV Stack 


Ca'ienjcella Blamville, 183-1, p 462 Blamville erected this 
genus for Hippothoa dvvancata Lainouroux, 1821, and Caicm - 
cella sauignyi (1834) which is a synonym of Eticratca contei 
Aud , 1826 ” The meagic description and its appaient applica¬ 
tion solely to H divaricate, would seem to place it as a synonym 
of Hippothoa Lamx., 1821, ])ut Catenicella was regularised and 
well-described by cl’Orbigny (1851) and included C contei 
which, by the selection of H divaricate as type of Hippothoa , 
becomes type of Catemcclla Blainvillc, D’Qrbigny (1851) fur¬ 
nished the first adequate description of the genus Galenic ella 
Blainville is a restricted Catcmcellmid genus with the single 
species C contei , which is an aberrant foim distinguished fiom 
other vittate species by its ovxcell which pertains to the mother 
zooecium of a tnglobulus The name Catenicella (sensu lato, 
i e. m the manner of subsequent authors) may also be used as 
a group name for species of unceitam affinity m the same mannci 
as Lunuhtes and others are employed (Canu and Basvsler, 1929: 
Harmer, 1933, Stach, 1933). 

Catenicellopsis Wilson, 1880, p 64 Based on an unusual 
mode of branching which, however, is found m many widely- 
separated species ( Vittaticella spp , Claviporella spp ) and con¬ 
stitutes a minor secondary character of little systematic value 
Two species, C dehcatula and C pusilla, were included, the 
former being referred to Catemcclla (vittatae) by Macgilhviay 
(1887, 2) and the latter to Claviporella by Levmsen (1909), 
thus eliminating the genus The systematic value of the feature 
proposed by Canu and Bassler (1929) as a distinction between 
Vittaticella and Catemcellopsis is doubtful and C . dehcatula is at 
present regarded by the author as belonging to the former 
genus 

Claviporella Macgillivray, 1887, p 65, One of the Cateni- 
cellimd genera with aberrant sternal structures and clithndiate 
aperture 

Cornuticella Canu and Bassler, 1927, p 9. Proposed for 
the reception of vitiate species* with the ovicell pertaining to a 
terminal mother zooecium of a geminate pair 

Co rnuticellina, gen nov Established for “ Pterocdla” 
mathewsi Bale, 1922 Which has an ovicell of the CornuticelHmd 
type, but a sternal area similar to Cribncelhna , 

Costaticella Maplestone, 1899, p, 9, Erected by Maplestone 
for Catenicella hneata MacG, 1895, and Costaticella escharoides 
Mapl, 1899,, which have been shown to be conspeciiic (Stach, 
1934). Levinsen's later genus Costicella with type Catenicella 
hastata Busk, 1852, has been merged with Costaticella by Canu 
and Bassler (1927, p 21) and the author (1934) 

Costaticellina Stach, 1934, p. 39 Subgenus of Costaticella 
erected for Catenicella latifrons MacG, 1895, which has uncalci- 
fied suprascapular compartments 
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CosriCFXLA Levmscn, 1909, p 233 Synonym of Costaticella 
Ereeled by Levinsen, who apparently did not know of Maple- 
si one’s Coslaitcella , since he suggests that C hncata MacG , 1895, 
and C. lalifram belong to his genus 

Cothurntgella Thomson, 1858, p. 141 Synonym of the 
Anascan genus Chlidoma Lamouroux, 1824 Thomson erected 
tins genus for the reception of Cothurmcclla daedala 3 which he 
placed m the Calcmcelhdae Macgillmay regards C daedala as 
a synonym of Chlidoma cordicri (Audoum, 1826) which Harmer 
(1923, p 305) has shown to be synonymous with Chhdoma 
pynformis (Bertohm, 1810) 

Cri nitre jslla Levinsen, 1909, p 238 Synonym of Cnbncellma 
Levmsen’s name is preoccupied by Canu (1904) 

Cribricellina Canu and Bassler, 1927, p. 9 One of the 
Sculicellimd genera, replacing the preoccupied Cnbncella 
Levinsen, 

DiGENoroitA Maplestone, 1899, p 6 Monotypical Scuticellmid 
genus erected for D compta Mapl, 1899, which is, however, a 
synonym of Calcmcclla rciroversa MacG, 1895 

Dttaxibora Macgillivray, 1895, p. 22 Monotypical genus 
erected foi Catena el la mlcrnodia Wateis, 1881 Multizooecial 
mternodes 

Ditaxiporina, gen nov Erected for Catcmcella ,septcn- 
tnonahs Waters, 1891, which has multizooecial mternodes, but 
lacks the longitudinal median band of Ditaxipora 

Eucratea Lamouroux, 1812, p. 183 Audouin (1826) referred 
both Savignyclla lafontn and Catemcella contei to this genus 
Its status is discussed by Harmer (1923, p, 307). 

Eunicka Desmarest and Lesueur MS, 1829 This MS 
genenc name was given to twelve illustrated species which have 
been referred to species of the Catemcellidae by Pergens (1887) 

Hjnckstella Levinsen, 1909, p 241 Synonym of Sirongylo- 
pora Levinsen was appaiently ignot ant o\ the existence of the 
Catenicellimcl genus Strongylopora since he describes the single 
species Calenicella pulchella which is taken as the type 

Microstomarxa Macgillivray, 1895, p 18, An examination of 
two partly-damaged specimens of the single species, M tubulifera , 
from the type locality and from below the remanri nodule bed 
at Forsyth’s on the Grange Burn Creek, Hamilton (Lower 
Miocene), suggests that the species is a member of the cyclo- 
stomatous family Crisiidae The development of the calcareous 4 
layer is characteristically cyclostomatous, in that wavy lines of 
deposition cross the zooecia at right angles to the long axis, 
giving the typical undulose appearance particularly well seen m 
such genera as Entalophora and Tubuhpora , but absent from the 
Cheilostomata. The characters of the pores are those of the 
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Crisndae, while the uuulai apeiture is produced into a peristome 
with an unthickencd edge The smaller apertuies aie the aper¬ 
tures of the connecting tubes of the articulated colony The 
longitudinal ntlge repiesentcd m Macgilliviay’s figuie is nieiely 
an edge pioduced by the sides of the zooecia meeting at a veiy 
obtuse angle; no trace of thickening can be obscivcd. ^ The 
genenc affinity cannot be established without further specimens 
Canu and Basslei (1927, p 21) rcgaicled Murosiomaria as a 
sub-genus of Strop hip ora 

Pterocella Levmscn, 1909, p 246 One of the CatonicolUnid 
genera characterized by its calcified suprascapulai compaitments 
and fenestrate sternal area 

Scuticella Levmsen, 1909, p 221 Type of the sub-family 
Scuticellmae Stach, 1934 

Stenostqmaria Macgillivray, 1895, p 16. Ovicell of the 
Catemcellimd type and thus distinct from the Scuticellinid genus 
Strophipora of which Canu and Bassler (1927, p. 21) regarded 
it as a subgenus 

Strongylopora Mapleslone, 1899, p. 4. Levinson (1909) 
unknowingly duplicated this genus by describing the type as the 
sole species of his genus Hmcksiella 

Strophipora Macgillivray, 1895, p 17 Monotypical genus 
with qvicell of the Scuticellinid type, sternal aica represented 
by a thickened longitudinal ridge. 

Vittaticella Maplestone, 1901, p 201 Introduced to replace 
the preoccupied Galop or clla 

Systematic Synopsis. 

Family CATENICELLIDAE 

Sub-family CATENICELL1NAE, sub-fam. nov 

Description'—Internodes of a single zooecium or a geminate 
pair; m ovicelhgerous internodes, where the ovicell pertains to 
the mother zooecium of a gemmate pair, a trizooecial mternodc 
is formed by the adherence of the ovicell to the distal zooecium 

Genus Catenicella Blamville, 1834 (sensu stricto) 

Type (by elimination) C ( Bucratea ) contci (Audouin, 1826). 

Description—Ovicell pertains to mother zooecium of a triglo- 
bulus Zooecia vittate with small scattered frontal pores; supia- 
scapular compartments uncalcified 

Genus Pterocella Levmsen, 1909, 

Type (by subsequent designation, Canu and Bassler, 1929) 
P ( Catenicella ) alata (Thomson, 1858) 
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Genus Carinatocella, gen nov 

Type C, harmcri, nom nov (for Catcmcella carmala Busk, 
1852) 

Description—Ovicell pertains to mothei zooecium of a tnglo- 
bulus Sternal area ornamented with oval fencstrae; supra¬ 
scapular compartments uncalcified 

Obseivations—D’Oibigny has described a species Catenicella 
carmata (1851, p 44), but no figuie is given In the descrip¬ 
tion, he states that the “ cellules ” are “ non enlargees en airiere” 
and therefore the species is certainly not the C carmata of Busk 
(1852). D’Orbigny’s species must be regarded as a nomen 
nudum and Busk’s tnvial name is lieie replaced by “ hannm” 
m appreciation of the great assistance tendered by Sir Sidney 
F Harmer m my study of the Recent Catemcellidae 

Genus Claviporella Macgilhviay, 1887 

Type (by subsequent designation, Canu and Bassler, 1929) 
C (Catcmcella ) geminata (Thomson, 1858) 

Genus Strongylopora Maplestone, 1899 

Type (by subsequent designation, Canu and Bassler, 1929) 
S . (Catcmcella ) pule hell a (Maplestone, 1880) 

Genus Stenostomaria Macgillivray, 1895 

Type (by monotypy) S ( Catcmcella ) sohda (Waters, 1881). 

Sub-family VITTATICELLINAE Stach, 1933 
Genus Vittatioella Maplestone, 1901 

Type (here designated) . V ( Catcmcella) elegms (Busk, 
1852). 

Obseivations—Canu and Bassler (1929, p 438) have selected 
llucratca contel Audoum, 1826, as the type of the genus, but 
since this form is not included m Maplestone\s list of .species of 
the genus (1901), the choice is not valid. Viltaticella elegans 
is here .selected because of its abundance and extractdmarily wide 
distribution. 

Sub-family CORNUTICELL1NAE, sub-fam. nov. 

Description—Internodes of a single zooecium or a gemmate 
pair. The oviccll pertains to a teiminal mother zooecium of a 
geminate pair. Suprascapular compartments not calcified 

Genus Oornuticella Canu and Bassler, 1927 

Type (by original designation) C ( Catcmcella ) cornuta 
(Busk, 1852) 
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Genus Cornuticellina, gen uuv. 

Type C ( Ptcrocclla ) mathewsi (Bale, 1922). 

Description—Sternal aica perforated by numcious huge poies 
as in Cnbrucllina, with shoit 1 adiatmg iissiues. Scapular com 
partments in the foun of long, nairow, lateial piojecticms at 
the level of the aperture. 

Sub-family SCUTICELLINAE Stach, 193d 
Genus Scuticella Levinsen, 1909 

Type (by subsequent designation, Canu and Bassler, 1929): 
•S’ ( Catenicella ) plagiostoma (Busk, 1852). 

Genus Oribrioellina Canu and Bassler, 1927 

Type (by subsequent designation, Canu and Bassler, 1927) * 
C ( Catenicella ) rufa (Macgillivray, 1868). 

Genus Costaticella Maplestone, 1899. 

Type (by subsequent designation, Canu and Bassler, 1929) 

C ( Catenicella) lineata (Macgillivray, 1895). 

Sub-genus Costatieellina Stach, 1934 

Type (by original designation) Costaticella (Costatieellina) 
latifrons (Macgillivray, 1895) (== Catenicella do ), 

Genus Strophipora Macgillivray, 1895. 

Type (by monotypy): S (Catenicella) harveyi (Thomson, 
1858) 

Genus Calpidium Busk, 1852. 

Type (by monotypy) • Calpidium ornatum Busk, 1852. 

Genus Digenopora Maplestone, 1899. 

Type (by monotypy): D ( Catenicella ) retroversa (Macgilliv¬ 
ray, 1895) (vide Stach, 1934). 

Sub-family DITAXIPORINAE, sub-fam. nov. 

Description—Multizooecial internodes with ovicells adherent 
to the zooecium distal to the ovicelligerous zooecium. Avicularia 
at one or both of the upper angles of the zooecia Sternal area 
with longitudinal median band or with scattered pores 

Genus Ditaxipora Macgillivray, 1895. 

Type (by monotypy) . D ( Catenicella ) intemodm (Waters. 
1881). 

Observations.—Waters’ Italian Tertiary species, Catenicella 
continua Waters, 1891, is included here. 
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Genus Ditaxiporina, gefi nov 
Type 1) ( Catcmcclla) soften I nonalis (Waters, 1891) 

Description—Mtlltizooecial mteinodes, the sternal area with 
scattered pores. 

Observations —Catcmcclla subscptenirionalis Canu and 

Bassler, 1920, also appears to belong to this genus 
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